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HE importance of the group of cardiovascular diseases is shown by vital 
statistics of this country. The total number of deaths in 1941 was about 1.4 
million. Heart disease was the cause of death in 0.4 million, which is more than 
one out of every four. The coronary artery problem is almost as important as 
the cancer problem, 107,000 deaths for coronary artery disease compared to iy 
166,000 for cancer. 
While this group of cardiovascular diseases is in first place as a cause of 
death it has not received equivalent funds for research. There are some interest- 
ing figures on this subject. In 1940, the amount spent per death for heart disease 
was 17 cents, for cancer $2.18, for infantile paralysis $525, and for other causes 
$4. /It would appear that the amount of money available for research depends 
to'a great extent upon public appeal. We are familiar with the ‘‘March of 
Dimes’’ and the Sister Kenny campaign. The fight against cancer and tubercu- 
losis is always in progress. Little or no public appeal has been made to collect 
funds for research on the heart and blood vessels. It is highly desirable that 
special cardiovascular institutes be established for the study of these diseases. 
Our present knowledge of these diseases concerns anatomy, physiology, 
pathology, and internal medicine. Until fairly recently only a small part was 
surgical. It is of interest to note that in the diagnosis and treatment of diseases 
of heart and blood vessels the internist uses methods that might be classified 
as indirect. These methods of study include the use of the stethoscope, the 
lectrocardiogram, the x-ray, the fluoroscope, and such physiclogic measurements 
ag arterial and venous pressures, circulation time, temperature, ete. None of 
‘hese methods involve direct vision of the part. The internist who treats heart 
‘lisease seldom, if ever, sees the human heart beat. Practically no one ever 
‘hinks of this point. No one, including the internist himself, believes that here 
3 a point worthy of comment. That is the way it has always been; that is the 
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way it is. And yet we know that direct vision contributes something in the way 
of precise knowledge and understanding that cannot be obtained in any other 
way. We know that when a machine breaks down, a mechanic is necessary to 
look it over. If a car does not run, someone has to lift up the hood and look. 
We are now entering the era of direct examination and manipulation in the 
cardiovascular field. In 1905 craniotomy and laminectomy were new operations. 
I believe a similar development will be possible with the heart and blood vessels. 
It may be even a greater development because disorders of the heart and blood 
vessels involve mechanics and physics to a greater degree than is the case with 
the brain and spinal cord. It will be interesting to observe this development 
during the next twenty-five years. 

I should like to refer briefly to the accomplishments that have been made in 
the direct approach to the heart and blood vessels. Many members of this 
association are familiar with these developments and I cannot here do more than 
make brief reference to them. The program of this meeting includes severa! 
contributions on the direct approach to cardiovascular diseases. These are mile- 
stones in surgical progress. These presentations are made by the individuals 
who made the original contributions and I dare say that this program is unique 
in this respect. 

Let us refer briefly to the accomplishments made by the direct approach to 
heart and blood vessels. We begin with trauma. Methods have been deseribed 
for the suture of auricular and ventricular wounds. The methods for the suture 
of auricular and ventricular wounds are not identical. Several excellent series 
of cases have been reported. Methods of procedure have been determined and 
are well recognized by certain surgeons, but there are many instances in which 
proper treatment is not given. Here is opportunity for teaching. Foreign 
bodies have been removed. Removal of foreign bodies from the heart is a subject 
that can bear further study and experimental investigation. This subject will 
be presented on our program. Reference should be made to the group of non- 
penetrating wounds of the heart. This type of injury, I believe, is more com- 
mon than the penetrating wound and better clinical recognition is in order. In 
the repair of vascular injuries, considerable progress has been made during the 
war. Small lacerations of major arteries have been repaired by suture. Excision 
of injured artery and end-to-end anastomosis have been done. The use of the 
vitallium cannula seems to enlarge the possibilities in blood vessel anastomosis. 
Demonstration and teaching of these methods are necessary so that surgeons 
generally will be able to perform these operations. No doubt, there were many 
instances in World War II where such opportunities were overlooked. There 
will be instances where they will be overlooked in civilian surgery. These 
methods should be taught in the experimental laboratory. The late repair of 
vascular injury in World War II was carried out in the vascular centers of th's 
country. The results obtained in these centers almost reached perfection, in that 
there was almost no loss of life or limb in the performance of these operatiors. 


We turn now to a group of disorders which concerns inflammation and t!.e 
results of inflammation, namely fluid, adhesions, and sear tissue around te 
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heart. This group includes purulent pericarditis, pericardial effusions, adhesive 
pericarditis, constrictive pericarditis, and other conditions. The term extrinsic 
lesions has been suggested for these conditions and the group of extrinsic lesions 
has been analyzed into its components which are compression, torsion, rotation, 
and not traction of the heart. In other words, a heart is exposed in the experi- 
mental laboratory and then an attempt is made to interfere with the function 
of the heart by external manipulation. The possible ways in which the heart 
can be disturbed by such manipulation are compression, rotation, and angulation 
of the heart. Let us refer briefly to one of these, namely compression. Com- 
pression may be acute or chronic as is the case with the brain. The pathology 
may include a variety of lesions with the heart as with the brain. There is 
much to recommend the adoption of this point of view. It simplifies diagnosis 
and it makes clear the requirements to cure the patient. For example, an almost 
identical clinical picture can be produced by a compression sear on the heart, by 
tuberculous or other type of exudate in the pericardial cavity, and by a neoplasm 
in the pericardium, but the treatment of these lesions is entirely different. 
Recognition of clinical picture is the first requirement, and determination of type 
of lesion is the second requirement in order to determine correct treatment. I 
recommend to you recognition of extrinsic lesions as a group and analysis of the 
various types as indicated. 

We come now to patent ductus arteriosus and coarctation of the aorta. 
These subjects are presented on the program by those who made the original 
contributions. I can only compliment these surgeons for their vision and courage 
in doing these operations. It is not an important point to say that ligation of the 
patent ductus arteriosus and excision of a narrowed aorta were considered by 
surgeons for many years. The important event is to do the operation. This 
involves freeing yourself from the inertia of your associates and going ahead 
in experimental laboratory and with patients. I desire to refer also to the 
courageous step taken in ligation of the patent ductus arteriosus in the presence 
of infection in the blood stream. After these accomplishments are made by 
the surgeon there remains the problem of application of the operation in the 
treatment of these conditions and this is a matter of medical education. I might 
add that the student frequently is more apt than his teacher in learning and 
accepting these new developments. 

Likewise the work on tetralogy of Fallot is presented on this program by 
those who originated the work. I think this is one of the nicest contributions 
made to surgery in my lifetime. It was conceived as an original idea, it was 


. worked out in the experimental laboratory, and it was applied to patients. While 


it does not cure the cardiac abnormality it provides definite benefit to a condi- 
tion that was hopeless. What has been accomplished in this field suggests that 
che direct approach of the surgeon might be extended to other cardiovascular 
‘onditions that appear hopeless. ; 

Reference should be made to the recent developments in the treatment of 
vortal vein obstruction. Anastomosis has been made between the splenic vein 
and the renal vein. The Eck fistula, of historical and experimental interest, is 
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being applied to patients with cirrhosis of the liver. No doubt with refinements 
in operative skill and technique these operations will be done with greater fre- 
quency. 

Resuscitation is also presented on this program. While methods of resuscita- 
tion might be improved in the future, we do possess effective methods for start- 
ing the heart from standstill and also for defibrillation of the ventricles. We 
possess excellent respirators for getting oxygen into the lungs. I believe courses 
of instruction should be provided on resuscitation so that surgeons would have in 
mind an order of procedure such as they have for the performance of surgical 
operations, instead of the disorderly procedure that usually prevails at this 
moment of crisis. Certification by the American Board of Surgery and the 
Surgical Specialties should require knowledge on resuscitation. 

I cannot refer to all the advances that have been made in the direct approach 
to cardiovascular diseases. The prevention of pulmonary emboli by ligation of 
veins and by the administration of anticoagulants is a very important contribu- 
tion. I can only mention sympathectomy for hypertension, for arterial spasm, 
for causalgia, for anginal pain, and for other conditions. 

I should like to discuss briefly the coronary artery problem and show some 
slides of specimens that have been produced. Most of us are familiar with the 
trigger mechanism in the heart. A trigger is produced by reduction of arterial 
blood flow to any part of the heart muscle. A delicate balance may come into 
existence in which a small amount of oxygenated blood may prevent or promote 
discharge of the trigger. Discharge of the trigger produces ventricular fibrilla- 
tion which is fatal. The arterial blood supply to the myocardium can be altered 
in several ways. One method consists of production of extracoronary anas- 
tomoses, that is, vascular communications between the coronary arteries and the 
arteries of tissues grafted upon the heart. Another method consists in produc- 
tion of a more equal distribution of arterial blood by way of the coronary arteries. 
Coronary arteries are essentially end arteries. Occlusion of a coronary artery 
or of one of its branches may produce an unequal distribution of blood to the 
myocardium. Communications between the peripheral branches of the two 
coronary arteries would produce a common arterial bed which in turn would be 
a protection to the heart if occlusion should develop. Such communications can 
be produced by surgical methods. The most effective method that I have found 
is by gentle abrasion of epicardium and the application of a small amount of 
powdered asbestos onto the abraded surface. It has been demonstrated beyond 
any reasonable doubt that communications produced by this method are bene- 
ficial in the presence of arterial occlusion. Another method of producing a 
common arterial bed in the heart is that which occurs after nonfatal occlusion 
of an artery. The occlusion must not destroy cardiac function because time is 
required for these communications to develop. I believe it is possible for the 
extracoronary communications and the intercoronary communications produce 
by inflammation to provide this time factor for these protective channels t« 
develop. A heart with intercoronary channels is a protected heart. The speci- 
ments shown are, indeed, significant. Another method for changing or improvin:: 
the coronary arterial circulation is by production of venous stasis. Experiment: 
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ligation of coronary veins does produce some measure of benefit when a coronary 
artery is ligated. There is also some experimental evidence to show that re- 
moval of nerves at the base of the aorta and in the region of the left coronary 
artery is beneficial after a-major coronary artery is occluded. I have not made 
measurements in this subject. 

It does seem to me that we have arrived at the time when some application 
of these data should be made to patients with coronary artery disease. I, and 
others working in this field, have been conservative in application to patients. 
It is hoped that a conservative and critical attitude will prevail in the future 
as further clinical application is carried out. It is hoped also that experimental 
studies on the coronary problem will be carried out in the research laboratories 
of ‘our medical institutions. I repeat that the coronary problem is almost as im- 
portant as the cancer problem and future progress in the coronary problem will 
be along lines of direct surgical approach. 


Before concluding this address I should like to make a few remarks about 
possible developments of the future. Among these I would place transplanta- 
tion of arteries. I have in mind excision of a segment of aorta or a segment of 
another important artery and replacing it by a graft taken from a less important 
artery. I also have in mind exclusion of the heart from the blood stream so 
that the heart can be opened and intracardiac operation carried out. Some 
progress in this field has been made. The possibilities in the way of intracardiae 
operations are repair of valves, removal of intracardiac tumors, removal of ball- 
valve thrombi, repair of defects in the auricular septum and in the ventricular 
septum, removal or destruction of vegetations, removal of foreign bodies, ete. 
These and other advances that scarcely enter one’s mind, I believe, will be 
possible by the direct approach not only to the outside of the heart and blood 
vessels but to the inside of these structures as well. 
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SURGICALLY REMOVED FOREIGN BODY EMBOLUS IN THE 
PULMONARY ARTERY 


S6ive M.D., Cart AXEL HAMBERGER, M.D., AND CLARENCE CraFoorp, M.D. 
StocKHOLM, SWEDEN 


T IS not unusual in wartime for foreign bodies, such as projectiles and splin- 

ters, to enter the vascular system and pass into the blood circulation. This, 
of course, is a much rarer occurrence in peacetime. We have nevertheless had 
the opportunity to diagnose and operatively remove a foreign body in the left 
lung which had entered it via the vascular system. 


CASE REPORT 


A 21-year-old apprentice at a workshop was sent to the otolaryngologic clinic from 
the internal medicine department with the diagnosis of foreign body in the left lung. 
‘The patient during his childhood had been perfectly healthy except for a mild attack of 
pneumonia at the age of 3 years. In 1943, while working in the forest, a splinter from 
an iron wedge struck him and entered the left groin. The accident caused such a large 
loss of blood that the patient lost consciousness. He was taken to a hospital in the 
provinces, where a lesion in the femoral vein was observed. The patient was operated 
upon at once. Later on an aneurysm developed, for which he was also operated upon in 
the autumn of 1943. Since then, he has had occasional pain and swelling in the left leg. 
Phlebography is reported to have shown a defective reflux from that leg. 

In November, 1944, the patient caught cold and had a cough; on December 1 he had 
an acute attack of ague, a general feeling of illness and a stitch in the left side of the 
back. The patient was sent to the internal medicine department with the diagnosis of 
incipient pneumonia. 

As a result of an x-ray examination on the following day, a small bronchopneumonic- 
like induration with atelectasis was observed at the base of the left inferior lobe and 
behind the heart. In the bronchus situated in the posterior basal part of the left inferior 
lobe, about 7 cm. distal to the carina, a very dense, irregularly shaped foreign body, nearly 
1 em. in length, over 1 mm, in thickness and from 7 to 8 mm. in breadth, was also revealed. 
It was of such density that it seemed to be a metal splinter, or perhaps, though with less 
probability, a fragment of compact bone (Fig. 1). 

The presence of a foreign body in the left bronchial tree having thus been indicated, 
bronchoscopy was carried out. The mucous membrane in the trachea was found to be 
normal, whereas the mucosa in the left main bronchus was reddened and swollen. This was 
especially true at the opening of the lateral bronchial branch. 

During the screening, a sound and extractor were inserted in the left bronchial branch, 
and one could reach to about 1 em. from the foreign body. As there was no possibility o* 
reaching further down, operative treatment was discontinued, it being supposed that the 
‘obstruction was due to a swelling of the bronchial mucosa. 

At another x-ray examination a week later, it was found that the irenchapaadsnon's 
induration and the atelectasis had cleared. The foreign body was still in the same place as 
found on previous examination. It was therefore decided to make a new attempt at extraction 
with the aid of bronchoscopy while screening. A metal sound was inserted in the directic: 
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of the foreign body. On the x-ray screen, it could be seen how the sound, about 144 cm. 
above the foreign body, struck a carina in a bronchial branch. If an attempt was made to 
push the sound further in the direction of the foreign body, a resilient obstacle was en- 
countered; on the other hand, if one let the sound pass by, it slid medial, lateral, ventral or 
dorsal to the foreign body. 


Fig. 1—A, Radiogram of lung with metal splinter viewed dorsally and ventrally. B, Radio- 
gram of lung in an oblique position. 


Fig. 2.—Radiogram of lung with‘a contrast (ureteric) catheter. 


This was also the case when an attempt was made with a very small pair of tongs or a 
roentgen-proof ureteric catheter (Fig. 2). We therefore had the distinct impression that the 
foreign body could not lie in the bronchial tree and that it must be situated in the outlying 
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lung tissue. When the bronchoscopy was planned, it was surmised that the foreign body had, 
on some occasion, been inhaled. The patient had, in fact, mentioned that, ten days before the 
illness set in, he had eaten a meat dish in which pieces of bone had been found but that it 
was unlikely that one of these pieces had gone the wrong way. 

_ For this reason, not much notice was at first taken of the information that a metal 
splinter had entered the patient’s groin. The patient, however, had mentioned that immedi- 
ately after the first operation he had asked the surgeon about the metal splinter which had 
caused the bleeding and was told that no such object had been found during the operation. 
According to the patient, he was afterward x-rayed in view of finding the metal splinter, 
but. it could not be detected. 

The epicritical reasoning after the x-ray examinations and after the bronchoscopy 
-made during screening was that the metal splinter might have entered through the groin. 
We know that a foreign body which has entered the venous system (for example, in a leg) 
will sink downward, provided the patient stands up. We also know that when a hori- 
zontal position is assumed, foreign bodies may travel upward in the venous system. In 
this case, the patient had been unconscious and, in view of the profuse outflow of blood, 
had probably been lying with his head downward. There was, therefore, a possibility that 
the foreign body had passed through the venous half of the heart and out into a lung artery. 

After a renewed examination of the x-ray pictures, we were forced to the conclusion 
that the metallic foreign body was a rather thin flake with a jag on one of the edges, 
resembling a bit of the ‘‘barb’’ on the steel wedges used in forest work. Moreover, the 
metal piece was of such a size that presumably it could not pass into any of the fine 
bronchial branches situated about 7 em. from the bifurcation.. 

The examination had thus indicated that, with a probability bordering on certainty, 
a foreign body was lying outside the bronchial tree; since its shape indicated it to be the 
aforesaid foreign body which had entered the patient’s left groin on the occasion of the 
accident in 1943, the patient was sent, with the diagnosis of foreign body in the lung 
artery, to the Sabbatsberg Hospital for consultation with one of us (C.C.). 

The patient emphasized that, so far as he could remember, there was nothing to 
indicate inhalation. He had not received any direct injury on the penetration of the 
splinter, so that the only possible way in which the foreign body could have entered was 
through the femoral vein in the groin. The sequelae of the accident had, however, entailed 
the development of an arteriovenous aneurysm. The metal splinter which had entered the 
femoral vein in the groin might have migrated thence to the pulmonary artery. In view 
of the secondary risks always involved when a foreign body lies in the lung in such a way 
that it may cause both vascular and bronchial erosions, it was decided to extract the 
foreign body before any such complications could supervene. 

Operation.—The usual inclusion was made according to Crafoord, with extirpation of 
the sixth rib. The lung was free, without any marked changes on palpation. It was at 
first supposed that an indurated part, which might have developed around the metal 
splinter, could be felt in the hilus tract of the lower lobe, corresponding to the issue of 
the thickest bronchial branch. However, on passing a needle through the lung parenchyme 
in the induration, no metallic obstacle was encountered. The search was therefore con- 
tinued, but the metal splinter could not be discovered in any other place. In order to 
ascertain its whereabouts, a flexible paper cassette was wrapped in sterile gloves and 
passed round the convex surface of the lung. A roentgen plate was then taken, with 2 
finger being held close to the spot where it had been supposed, from the outset, that the 
metal splinter might be lying. The x-ray photograph confirmed our surmise. An ana 
tomical dissection was therefore made into the hilar part of the lower lobe and the thick 
bronchial branch was followed up to the laterally and posteriorly situated thick artery 
trunk supplying the inferior lobe. When an attempt was made to loosen the artery frou: 
the bronchus within the indurated area which had been palpated, this was found im- 
practicable, and since the artery had been exposed, it was possible, through its posterior 
free wall, to feel the foreign body, visible on the roentgen plate, fastened in the part of 

the artery wall adjacent to the bronchus. It was therefore necessary to expose the thic: 
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arterial branch central to the foreign body, as well as the thick venous branch of the 
inferior lobe. An artery forceps was then placed on the exposed pulmonary vein and on 
the artery central to the metal splinter. A forceps could not, in fact, be placed effectively 
peripheral to the metal splinter for it was not possible to explore all the arterial branches 
peripherally so that they could be clamped. The artery was then incised longitudinally, 
whereupon the foreign body, with relative freedom from bleeding, could be extricated from 
its bed in the artery wall (Fig. 3). The bed, itself, was discolored grayish black, but by 
careful probing with pincers, a membrane, 1 mm, in thickness, covering the whole bottom 
of the bed, could be loosened. When this membrane had been removed, we found a 
smooth grayish-white scarred surface corresponding to the place where the foreign body 
had previously been located. The maximum length of this surface was 17 mm., its maxi- 
mum width 11 mm. An intima-free vascular surface corresponding to the surface of the 
foreign body was, of course, obtained. Heparin solution, 0.2 ¢.c., was therefore injected 
into the bottom of the bed between the bronchus and the artery. After suture of the 
artery and removal of the artery forceps, it could be seen that there was a free and satis- 
factory blood passage. Not even after the lapse of ten minutes, when the blood flow was 
still being controlled, was it possible to detect the slightest trace of a secondary thrombosis in 
this region. It is, of course, very remarkable that an embolus due to a foreign body 
should have healed into the artery without giving rise to a secondary thrombosis. It is 
just as noteworthy that a secondary thrombosis should not have set in after the removal 
of the foreign body. 


Fig. 3.—The foreign body lying on a centimeter paper. 


Sulfathiazole in powder form was applied between the lobes and in the pleural cavity, 
and a primary suture was made according to the method of Crafoord. 

After the operation, the primary suture healed without any complications. There were 
no clinical or roentgenologic signs, whatever, of a disturbance of the circulation in the inferior 
lobe of the left lung, which indicated that even in the sequel no thrombosis developed in 
the opened pulmonary artery. 


In wartime, as already mentioned in the introduction, it is not unusual for 
projectiles of different kinds to enter the vascular system. Several cases in 
which the foreign body had entered an artery, had followed it to the periphery, 
and had produced symptoms resembling those of arterial embolism have been 
reported (Baker'). It is more unusual for projectiles to enter the venous system 
and to travel on toward the heart. Freund and Caspersohn? mention a patient 
in whom a bullet had entered the inferior vena cava and penetrated into the 
vight ventricle, where it had become fastened in the trabeculae carneae. This 
patient was cured by an operation. 

Henes® reports another case where a 31-year-old man was hit by a grenade 
splinter which passed through the lung into the inferior vena cava. The patient 
seemed fairly well for the first few hours but gradually bled to death. The 
xutopsy showed a large hole in the extrapericardial part of the inferior vena 
cava. The splinter could not be detected in the vena cava, nor in the heart, in 
vhich the endocardium and the valves were perfectly intact. It was in the right 
‘ung, in a branch of the pulmonary artery, that the splinter was eventually 
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found wedged. The splinter, which was 214 em. in length, triangular with 
sharp edges, passed through the chest wall and right lung, entered, with re- 
duced force, the inferior vena cava, and then followed the blood stream 
through the heart and out into the lung. The curious thing is that this rather 
big splinter had not in any way injured the heart. The author stated that the 
time taken by the foreign body in traveling this long way must certainly have 
been very short. The splinter had presumably passed the heart before the 
patient was admitted to the hospital. No heart trouble had, in fact, been ob- 
served during his stay there. 

Paltauf*® reports a case in which a shot had pierced the lung, passed into 
the pericardium and continued into the pulmonary artery. The projectile, 
which was 6 by 35 mm., was found in the right lung. The corresponding part 
of the lung showed hemorrhagie infarction and the pleura showed fibrin de- 
posits. The patient died after seven days. The autopsy showed that the pro- 
jectile had been thrown into the pulmonary artery much in the same manner 
as an embolus. The curious thing in this case was that the patient should have 
lived as many as seven days. On admission to the hospital, the heart beat was 
not abnormally rapid. The pulse was regular and strong. On the fourth day 
after the accident, a hemothorax with 650 ¢.c. of blood was found by aspira- 
ting. The sudden death on the seventh day was believed to have been caused 
by a hemorrhage into the pericardium. It is surprising that the bleeding should 
have been so long delayed. It may have been started by the parting of the vas- 
cular walls, which had previously been adherent. Possibly the hemorrhagic 
infarct with pleural lesions may have provoked a cough, thus increasing the 
pressure in the pulmonary artery. Such foreign body emboli have been de- 
scribed in case reports by several authors. Paltauf thus found in the medical 
literature thirty-one of these cases, in only four of which, however, the foreign 
body had entered the pulmonary artery. 

Rogers® describes a hearsay case in which a radium needle that had been 
applied on the throat of a patient was eventually found in the pulmonary artery. 
We are not informed as to whether the needle was removed, or as to what 
happened to the patient. 

Foreign body emboli have been produced experimentally by inserting 
various metal objects in the venous system. Thus Schloffer’® placed three or 
five balls, 2 mm. in diameter, in the inferior vena cava of two large rabbits. 
One of them died after an hour; the other was killed after the lapse of the 
same time. On the x-ray picture it could be seen that the balls had passed 
out into the lungs, and on dissection the balls were found in the larger branches 
of the pulmonary artery. Riethus’ made similar experiments on dogs and rab- 
bits but placed the foreign bodies in the jugular vein. He found that they 
stopped either in the right ventricle or in the pulmonary artery. 

In our ease, the foreign body, as already explained, had entered the femora! 
vein and had been thrown by the blood stream into the pulmonary artery. W>° 
have been unable to find in the medical literature any mention of a case where 
foreign body had entered a vessel so far toward the periphery, as in this instance”. 
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From a diagnostic point of view, the case is of the greatest interest. It may be 
gathered that the ordinary x-ray examination utterly failed to enlighten us as 
to the position of the foreign body in relation to the bronchial tree. Nor could 
bronchoscopy alone have cleared up the matter. Not until these two methods 
of examination were combined was it possible to locate the foreign body and 
ascertain that it lay outside the bronchial tree. 

So far as we are aware, this is the first case where the diagnosis of foreign 
body embolus in the pulmonary artery has been made prior to operation and 
where the foreign body had afterward been extracted by thoracotomy plus 
arteriotomy plus vascular suture. 
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PEPTIC ULCER OF THE ESOPHAGUS 


P. R. Auuison, F. R.C.S. 
LEEDS, ENGLAND 


EPTIC ulcer of the esophagus has usually been considered a rarity and 

to be found mainly where there is a congenitally short esophagus. It now 
seems nearer the truth to say that ulcer occurs where there is such a derange- 
ment of the mechanism of the cardia that acid gastric juice flows back easily 
into the lower end of the esophagus. The disorder which predisposes to ulcer- 
ation is hernia of the stomach through the diaphragmatic hiatus into the pos- 
terior mediastinum. The hernia may be congenital or acquired, and may be 
reducible or irreducible at operation. Irreducibility may be caused by ulcer- 
ation, fibrosis, and shortening of the esophagus. 

When the lower esophagus is being constantly bathed by acid from the 
stomach, a well-defined series of changes is found there. First there is a re- 
current acute esophagitis which passes on to a chronic esophagitis with recur- 
rent acute ulceration. In the next stage an acute ulcer progresses to a typical 
chronic ulcer. The ulcer, with its surrounding induration, produces stenosis, 
and above this stricture there is intense superficial inflammation. Finally, a 
dense fibrous stenosis is produced. As in the stomach and duodenum, the 
picture may be complicated by perforation or bleeding. Symptoms of esopha- 
gitis and acute ulceration are mainly high epigastric pain relieved by food 
and alkalies, wind, heartburn, and regurgitation of stomach contents into the 
throat, especially in the recumbent position. This last may be so marked that 
if a patient bends after a meal the food will come up as easily as it went down, 
and with less effort. Acid regurgitation causes a feeling of dryness and heat 
in the throat, and a ‘‘hot pain’’ in the side of the neck. The main symptom 
of a chronic ulcer is dysphagia. It is sometimes possible to trace the pathologic 
changes in a detailed history, but account must be taken of the frequent asso- 
ciation of the condition with peptic ulcers in the stomach and duodenum, and 
also with gall bladder disease. 

During the last five years there have been in the thoracic surgical depart- 
ment of the General Infirmary at Leeds, thirty-seven patients with proved 
peptic ulceration and six with esophagitis, all associated with diaphragmatic 
and gastroesophageal inefficiency. The division of the cases into two eate- 
gories has very little significance for, as has already been pointed out, the one 
is a stage in the development of the other. Acute ulceration probably occurs 
in all these patients, but if an ulcer has not been obvious at the time of esopha- 
goscopy it.has been recorded as esophagitis. Some of these patients, observed 
over a long period, have been transferred to the ulcer category when a late 
esophagoscopy has shown the development of peptic ulceration. A high pro- 
portion of the ulcer cases have been chronic ulcers with stenosis. A patien! 
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with dysphagia is more likely to be referred to a thoracic surgical department 
than is one with heartburn. 

In a previous article’ it was stated, ‘‘We are not satisfied that any treat- 
ment we have given has resulted in a complete cure for our patients.’’ The 
main purpose of this paper is to review the treatment to date and to indicate 
what advances have been made. 


TREATMENT 
Assisted Medical Treatment 


In the first place the treatment of a peptic ulcer of the esophagus is by 
the general medical measures used for ulcer of the stomach. The patient 
should be propped up during the period of rest in bed. This diminishes the 
regurgitation of acid into the lower end of the esophagus. It is recommended 
that meals should be adequate and infrequent, and that they should be washed 
down by a drink of water. These measures, combined with antacids and 
atropine, are enough to heal many acute ulcers. Septic foci have been blamed 
as important etiologic factors, and if these are obvious they should, if possible, 
be eliminated. I have tried direct treatment of the ulcer by cautery through 
the esophagoscope without any success, but where stenosis is present repeated 
esophagoscopie ‘dilatations may be necessary. Stenosis may be due to sur- 
rounding induration and the-piling up of granulation tissue, in which case 
relief by gentle dilatation is only temporary. Blockage of the narrowed lumen 
may be due to such things as raisins, peas, or fruit stones impacted in the 
stricture, in which case relief is more marked, or there may be narrowing due 
to fibrous stricture from partial healing of the ulcer; here dilatations often 
give a more prolonged result. In severe cases with extensive chronic ulcer- 
ation, stenosis, and esophagitis, it may be necessary to combine general and 
local rest with feeding through a jejunostomy. When this is done, the patient 
should take water and antacids by mouth. The jejunostomy should be per- 
formed while the patient is on bed rest, and continued until esophagoscopy 
shows the ulcer to have healed. The tube should be left in the jejunum while 
mouth feeding is gradually restored and for some little time after the patient 
has been allowed out of bed. During this time it should be kept clean by 
“‘feeds’’ of clear water. When satisfactory meals can be taken by mouth 
without recurrence of symptoms, the jejunostomy may be allowed to close. 
‘On theoretical grounds a gastrostomy should not be as effective as a jejunos- 
tomy in providing rest for the ulcer, for, although it prevents the passage of 
food over the ulcer and the stagnation of food above it, it encourages gastric 
activity and the regurgitation of acid into the lower esophagus. There is no 
definite evidence about how jejunostomy feeding stimulates acid secretion in 
the stomach. Either of these operations should be undertaken only for the 
purpose of providing rest for the ulcerated esophagus. It should very rarely, 
if ever, be done for the relief of esophageal obstruction due to peptic ulcer 
since this can be overcome by esophagoscopy and dilatation of bougies. The 
blind passage of bougies is mentioned only to be condemned, unless.indeed the 
services of a skilled endoscopist cannot be obtained. 
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Surgical Treatment 


When these measures fail to produce relief from symptoms and when the 
general condition of the patient permits, surgical treatment may have to be 
considered. If the symptoms are mainly dyspepsia from esophagitis and acute 
ulceration, and there is no fibrous stenosis, the surgical attack should be di- 
rected against the herniation. If, however, dysphagia from chronic ulceration 
and fibrosis is present, it is unlikely that the esophagus can be lengthened 
enough to allow the hernia to be reduced, and it is to meet this contingency 
that the operation of excision of the ulcer with esophagoenterostomy has been 
devised. 


Reduction and Radical Cure of Diaphragmatic Hernia.— 
It has already been stressed that peptic ulcer of the esophagus is most com- 
monly associated with shortening of the esophagus and sliding of the fundus of 
the stomach up through the diaphragmatic hiatus into the mediastinum. This 
may usefully be compared with a ‘‘landslide’’ hernia in the inguinal region 
and, like it, is accompanied by weakness and inefficiency of the muscular ring 
guarding the area. Sometimes the stomach slides up and down easily, some- 
times it becomes fixed in the herniated position. The healthy esophagus is a 
very elastic organ and, if the efficiency of the muscle guarding the diaphrag- 
matie hiatus is impaired, the difference in pressure between chest and abdo- 
men combined with the elastic recoil of the longitudinal muscle of the esopha- 
gus is enough to loosen and stretch the fibrous and peritoneal attachments of 
the cardia and to produce herniation. It is often possible at operation to 
mobilize the cardia and lower end of the esophagus and so reduce the hernia 
below the diaphragm. The hiatus may then be narrowed by a few stitches to 
keep the organs in their natural position. If this ean be accomplished, the 
esophageal mucosa may be protected from the acid secretion. Esophagitis and 
superficial ulceration may then heal. It has not so far been considered reason- 
able to attempt this operation in advanced chronic ulcer with narrowing of the 
esophagus and loss of its elasticity by induration and fibrosis. The operation 
has, however, been performed with marked relief of symptoms where the lesion 
has been less advanced. 

Technique: A blood drip is given into the right internal saphenous vein. 
During the course of the operation about one pint is given. One hour before 
operation omnopon, gr. 4%, and scopolamine, gr. 450, are given. The mouth, 
nasopharynx, and pyriform fossae are painted with 2 per cent amethocaine hy- 
drochloride. Sodium pentothal is then injected into the blood drip until relaxa- 
tion of the jaw oceurs. An esophagoscope is passed and all retained fluid aspirated 
from the esophagus. By means of a spray blower, a light coat of penicillin powder 
is applied to the esophageal mucosa and the instrument is slowly withdrawn 
A Tampax pack is passed through the esophagoscope and left in position im- 
mediately below the cricoid cartilage. Light gas and oxygen are then admin- 
istered through a closely fitting face mask. In this way the danger of refluy 
of blood or septic fluid from the esophagus into the pharynx and trachea i: 
prevented and the incidence of chest complications minimized. The patien’ 
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is turned on to his right side and ‘a left-sided spinal anesthetic of light per- 
caine is given. This combination of anesthetic agents has proved most valu- 
able in the operative approach to the esophagus. The spinal anesthetic pre- 
vents straining, while the gas and oxygen administered through the face piece 
maintain lung inflation and blood oxygenation at any desired level. The pa- 
tient should be lying on his right side and leaning neither forward nor back- 
ward so that access to the abdomen and the posterior mediastinum is equally 
easy. A small amount of local anesthetic is injected into the muscles of the 
chest wall in the region of the eighth and ninth ribs so that the muscles can 
be cut with the diathermy and bleeding points coagulated without stimulating 
their contraction. An incision is made through the skin with an ordinary 
knife over the whole length of the ninth rib, passing forward on to the abdo- 
men beyond the costal margin and curving upward a little behind and over the 
eighth rib. The whole of the ninth rib and the posterior end of the eighth are . 
resected. The ninth costal cartilage is removed. The eighth intercostal nerve 
is divided and the corresponding intercostal vessels ligatured and divided. The 
left side of the chest is opened through the bed of the ninth rib and the rib 
margins gently separated. Any adhesions to the lower lobe are divided.. The 
left splanchnic nerves on the posterior cheSt wall are infiltrated with local 
anesthetic, and 10 c¢.c. of local anesthetic are also injected into the posterior 
mediastinum above the site of the lesion. The left phrenic nerve is crushed 
where it passes from the pericardium to the diaphragm. The diaphragm is 
opened at the anterior end of the incision and this opening is enlarged toward 
the hiatus, but not through the muscle ring. The relation of the structures 
to the muscle ring can then be determined and by gentle traction on the stom- 
ach the reducibility of the hernia can be investigated. The posterior medi- 
astinum is then opened, and the lower end of the esophagus isolated. Both 
vagus nerves are divided and any vessels entering the esophagus in its lower 
two to three inches are divided between ligatures. The reflection of perito- 
neum on to the stomach is cut, and the stomach can then be drawn down into 
its normal position in the abdomen. The muscle edges of the diaphragm are 
carefully cleaned. Two silk stitches are inserted behind the esophagus joining 
the left and right crural fibers. These are placed in such a way that the 
esophagus lies snugly in the opening without compression. The incision in 
the diaphragm is sutured, and the chest is closed in layers with an underwater 
drain left in for forty-eight hours. 

CasE 1.—A.R., a woman aged 39 years, had esophagitis with ‘‘short esophagus. ’’ 

History.—For two years the patient had pain under the left breast one-half hour after 
taking food, radiating into the back between the scapulae. Attacks of pain lasted about one 
month, with corresponding intervals of freedom. Vomiting was mainly at night and first thing 
in the morning. 

X-ray examination showed a short esophagus with hernia of the fundus of the stomach 
into the posterior mediastinum. Esophagoscopy showed esophagitis of the lower two inches 
of the esophagus. No ulcer was seen. The opening between esophagus and stomach was | 
widely patent. 

At operation, Nov. 2, 1943, the junction of the esophagus and stomach was found in the 
posterior mediastinum three-fourths inch above the diaphragmatic hiatus. The lower end of 
the esophagus and upper end of the stomach were isolated, and the stomach could then be 
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replaced in the abdomen with ease. A few stitches were inserted through the muscular ring 
of the hiatus behind the esophagus. 

Since operation the patient has had no indigestion, and has gained twenty-eight pounds 
in weight. X-ray examination shows the stomach in its normal position. 


Case 2.—H. H., a woman aged 55 years, had esophagitis with acute ulceration and short 
esophagus. 

History.—The patient vomited food almost every day for twelve years. There was a 
sensation of fullness and ‘‘boiling’’ in the chest followed by a burning over the lower left 
side of the chest and the vomiting of undigested food. Food was regurgitated into the mouth 
when the patient lay down. Burning sensation and pain were relieved by alkalies. 

X-ray showed a short esophagus. No cardia was evident. The esophagus and thoracic 
stomach maintained a constant outline, giving the appearance of a dilated esophagus. Re- 
gurgitation occurred frequently. The esophagus was emptied by gravity. There was no con- 
trol of regurgitation and the appearances suggested chronic dilatation of the cardia. Peri- 
stalsis in the esophagus was not seen. Esophagoscopy revealed much fluid in the esophagus. 
At the lower end there was an intense esophagitis with leucoplakia and irregular superficial 
ulceration. No stenosis was present, and there was free regurgitation of gastric juice into 
the esophagus. 

At. operation, May 15, 1945, the fundus of the stomach was found to be lying in the 
posterior mediastinum. When the fascial connections of the esophagus and stomach were 
freed, the stomach could be replaced easily in its normal position in the abdomen, without 
tension in the esophagus. The muscle fibers of the diaphragm around the hiatus, which 

‘were attenuated, were sutured behind the esophagus. 

Since operation the patient has been free from symptoms, and subsequent x-ray has 
~ shown the structures in their normal position. There is now no regurgitation of barium in 
any position. 


Partial Esophagectomy, and Esophagoenterostomy.— 
Excision of the lower end of the esophagus and upper part of the stomach 
followed by mediastinal esophagogastrostomy is now a well-established procedure 
for carcinoma of the lower esophagus and fundus of the stomach. It is too early 
to say whether this operation will be complicated by peptic ulcer of the lower 
end of the esophagus in an appreciable proportion of cases, but it certainly 
produces the anatomic deformity of short esophagus and herniated stomach 
which is the recognized accompaniment of acid ulceration of the esophagus. 
On theoretical grounds it would seem unjustifiable to apply. the operation to 
stenosis associated with an active ulcer and leave a patient with the deformity 
which produced, or predisposed him to the original ulcer. It was decided, 
therefore, that excision of the affected part of the esophagus was only justi- 
fiable if a means could be found for lengthening the esophagus and reducing 
the stomach below the diaphragm. A loop of small intestine isolated on its 
mesentery, according to the method of Roux and recently used extensively by 
Yudin, seemed to be the most practicable. The operation was first tried on a 
patient with carcinoma of the fundus of the stomach causing esophageal ob- 
struction. A description of this and other similar cases is published elsewhere. 
Its success justified its application to the problem of peptic ulceration. 

Technique: The preoperative preparation, anesthesia, and approach are 
the same as for the operation already described me esophagitis and short 
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The diaphragm is opened at the anterior end of the incision and this is 
carried backward into the esophageal hiatus. Bleeding vessels in the dia- 
phragm are stitched. The muscle fibers of the hiatus are doubly stitched 
before division in order to avoid retraction of blood vessels into the erus with 
hematoma formation. One or two catgut sutures are passed through the cut 
edges of the diaphragm and left long; clips applied to these sutures keep the 
edges of the diaphragm apart. The incision is then carried forward into the 
abdominal wall for about two inches from the costal margin. Double chest 
retractors are inserted, the anterior ones including the diaphragm in their 
grip. When the ribs are separated there is a good exposure of the lower left 
side of the chest and upper abdomen. The transverse colon and great omentum 
are drawn up and the first loop of jejunum found. Inspection of the mesentery 
and its vessels determines the point of section of the intestine. This is usually © 
between five and ten inches from the duodenojejunal flexure. An incision is 
made in the mesentery from the intestine, at the point selected, downward and 
through the first vascular arch. It is then continued along the length of the 
first arch with division and ligature of the radical trunks close to the arch. 
The intestine is divided between clamps at the point selected and the division 
of the mesentery is continued until a loop of intestine is obtained which will 
pass easily up to the esophagus above the site of the lesion. The free end of 
this loop of intestine is stitched and infolded into itself so that a blind end is 
formed. A hole is made in the transverse mesocolon and the loop of intestine 
is threaded through this. The free end of jejunum left in continuity with the 
duodenum is implanted into the side of the isolated loop at a point chosen to 
avoid tension or kinking. The free edges of their mesenteries are united. The 
loop is covered with moist swabs and left in the bottom of the wound. The 
esophagus above the ulcer is isolated after division of the lateral pulmonary 
ligament and incision of the mediastinal pleura. Both vagus nerves are 
divided. Vessels entering and leaving the esophagus at this level are also 
divided to increase its mobility. A fully curved anastomosis clamp is applied 
to the esophagus at the top of the isolated portion and a crushing clamp ap- 
plied immediately above the lesion. A small pack is inserted into the mediasti- 
num behind the point of section and the esophagus is divided immediately 
above the crushing clamp. The ulcerated area of the esophagus is freed down 
to and including the cardia itself. The cardia is divided between crushing 
clamps and the ulcerated area of esophagus removed. The cardiac end of the 
stomach is sutured and infolded. The previously prepared isolated loop of 
intestine is then placed in the posterior mediastinum, care being taken that no 
twisting of the mesentery occurs. The blind end of the intestine is tueked up 
behind the esophagus for about one inch so that anastomosis is performed to 
the anterior surface of the intestine one inch below its blind end. This makes 
it possible to have a peritoneal covering both behind and in front of the 
anastomosis. An anastomosis clamp is loosely applied to the intestinal loop. 
The posterior muscle layer of the esophagus is sutured to the anterior aspect 
of the intestine and a stay suture is left long at each end. An incision is made 
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in the intestine parallel with the stoma of the esophagus. A continuous stitch 
is inserted through the mucous membrane and muscular layers of the esopha- 
gus and intestine. This is carried around the circumference of the anastomosis 
and is supported by one or two interrupted stitches. The clamps are relaxed 
and withdrawn. The anterior muscle layer of the esophagus is then stitched 
to the anterior peritoneal and muscle layers of the intestine. The mucosal 


Fig. 1.—Peptic ulcer of esophagus causing complete obstruction. 


junction is thus sunk in an ‘‘inkwell’’ of peritoneum-covered intestine. Peni- 
cillin powder is applied to the mediastinum around the anastomosis. The 
intestine is fixed to the cut edge of the mediastinal pleura by one or two inter- 
rupted sutures and is also lightly fixed to the diaphragm. The diaphragm is 
closed. Chest and abdominal walls are closed and an underwater drainage 
tube is left in for twenty-four to forty-eight hours. At the end of the opera- 
tion the esophageal pack, which is anchored by a stout piece of’silk, is gently 
withdrawn and the pharynx cleaned out. If the swab is very wet or blood- 
stained, the esophagoscope is passed and the esophagus carefully dried out 
before the patient returns to his bed. 

Postoperative Management: The patient is nursed lying flat for twenty- 
four hours, during which time he is given drinks of sterile water as required. 
After twenty-four hours he is given glucose and fluid drinks, and penicillin. 
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lozenges to suck. After forty-eight hours the underwater drain is removed 
and the patient is given a high calorie fluid diet. All milk drinks are followed 
by a few mouthfuls of water. Aspiration of the chest may subsequently be 
required but is not often necessary. If performed, it should be done high 
enough to avoid injury to the intestinal loop, and it must be remembered that 
the paralysis of the diaphragm brings the loop high into the chest. 


Fig. 2.—Same patient as shown in Fig. 1 after excision of chronic ulcer and mediastinal 
esophagoenterostomy. 


Case 3.—A. McG., a man aged 40 years, had chronic peptic ulcer of the esophagus and 
short esophagus. 

History.—He had had pain after meals for twenty years, sometimes relieved by alkalies. 
February, 1943, partial gastrectomy was performed for chronic gastric ulcer. This was 
confirmed by histology. A few weeks after this, he complained of dysphagia on swallowing 
solid food. Food seemed to lodge at the suprasternal notch and then gradually to go 
through. There was no regurgitation of food. These symptoms lasted a few weeks and 
then disappeared. April, 1944, dysphagia recurred. There was difficulty with fluids as well 
as solids. The patient lost twenty-one pounds in weight in two months. 

Roentgenogram showed a smooth obstruction in the lower half of the esophagus with 
dilatation above (Fig. 1). The stomach could not be examined since obstruction was 
complete. 

' Esophagoscopy showed, at 34 cm. from the alveolar margin, superficial inflammation with 
leucoplakia and ulceration. At 37 cm. narrowing occurred. At this level the mucous mem- 
brane was covered with filmy exudate, and when this was wiped off the surface beneath 
was intensely red and oozing. The stenosis became complete. When a fine bougie was 
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passed through, it dilated and the stricture was felt to be about three-fourths inch long. 
After dilatation the lumen gaped and was obviously surrounded by rigid inflammatory 
tissue. A biopsy from the ulcer showed simple chronic inflammation, with granulation 
tissue and fibrinopurulent exudate. The patient was kept on strict medical treatment for 
six months, during which time esophagoscopy was necessary on four occasions in order to 
relieve a complete obstruction. Since no improvement occurred, surgical treatment was 
decided upon. 


Fig. 3.—Microphotograph of chronic peptic ulcer after partial esophagectomy. 


At operation, June 14, 1945, the typical appearance of herniated stomach in the 
mediastinum was found. The lower end of the esophagus was thickened, indurated, and 
inelastic. The segment of esophagus was excised according to the technique already 
described and a loop of jejunum was isolated, drawn up into the chest,:and anastomosed 
to the lower end of the esophagus. 

The patient has swallowed satisfactorily since. He is free from pain and vomiting. 
He had occasional diarrhea after meals, but since being given a nonresidue dry diet and 
restricted fluid intake, he has gained weight rapidly and the diarrhea has ceased. Roent- 
genogram (Fig. 2) shows that the intestinal loop is working satisfactorily. 

The operation was slightly complicated by the previous partial gastrectomy. Accord- 
ing to Yudin,? whose patients were suffering from corrosive strictures with a long expectation 
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of life, there is no fundamental metabolic disturbance from exclusion of the stomach. It 
was not considered necessary, therefore, to implant the lower end of the elongated loop into 
the stomach. It would, of course, be easy to do this and restore intestinal continuity below, ' 
if subsequent follow-up of the patients suggests the necessity. 
The excised specimen was examined* and the following report given: The specimen 
consisted of the lower 4.5 em. of the esophagus, with an attached small portion of stomach 
wall. The lower 1.8 cm. of the esophagus seemed to be normal and covered by squamous 
epithelium, but a portion measuring approximately 2.7 cm. above this showed superficial 
ulceration. The outstanding features of this portion were (1) very great thickening of 
the wall (up to 1 cm. in thickness), due about equally to hypertrophy of the muscular 
coat and fibrous thickening of the submucosa; (2) the resulting extreme stenosis, ‘the 
circumference being only about 1.1 em. The attached portion of gastric mucosa -appeared 
normal. 
Histology.—The lesion was a chronic ulcer of the esophagus limited to the mucosa and 
submucosa. It was a very indolent callous-looking lesion, with dense fibrosis of the submucosa 
and replacement of mucous membrane by a thin layer of granulation tissue. There were scat- 
tered foci of chronic inflammatory cell infiltration (lymphocytes at the center, plasma cells 
and eosinophile cells at the periphery). The chronic inflammatory process only involved the 
muscular coat to a very slight extent. This included, however, small lymphoid nodules 
between the fibrous floor of the ulcer and the muscularis. There were also scattered small 
foci of lymphocytic and plasma cell infiltration in the substance of the muscularis. There 
. were none of the classical layers of the gastric peptic ulcer, at least there was no zone of 
fibrinoid necrosis but only a thin inconspicuous more cellular surface zone, the rest of the 
floor being composed of dense fibrous tissue, with the focal accumulations of chronic 
inflammatory cells referred to previously. The ulcer would appear to be strictly limited to ‘ 
the esophagus. A second section taken at the gastroesophageal junction showed no evi- 
dence of peptic ulceration. Two regional lymphatic glands examined were actively hyper- 
plastic and showed considerable anthracosis. _ 
Diagnosis.—The diagnosis was chronic callous peptic ulcer of lower esophagus. 


SUMMARY 


1. Where the lower end of the organ is frequently subjected to digestion by 
acid gastric juice, peptic ulcer of the esophagus occurs. This happens where 
inefficiency of the diaphragm allows the stomach and abdominal esophagus to 
slide up into the mediastinum. Such herniation may be congenital or acquired. 

2. Where medical and assisted medical measures fail to relieve symptoms, 
the length of the esophagus may be restored and the stomach replaced in the 
abdomen. The size of the hiatus may be diminished to maintain the organs in 
their normal position. Illustrative cases are recorded. 

3. When chronic ulceration and fibrosis lead to inelasticity of the esophagus, 
reduction of the anatomic deformity may not be possible. The lower end of the 
esophagus may then be excised and continuity restored by a loop of small in- 
testine on an elongated mesentery. An illustrative case is recorded. 
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INTRATHORACIC GASTRIC CYST 


James A. Dickson, M.D.,* O. THERON Ciacett, M.D.,t AND 
JoHN R. McDonatp, M.D.¢ 
RocHEsTER, MINN. 


HE subject of intrathoracic gastric cysts necessitates a consideration of 

some of the wide variety of cysts which occur in the mediastinum. We are 
not concerned here with those cystic formations which originate in the lungs. 
If the rather common dermoid-teratoma group and the rare cystic hygromas or 
lymphangiomas occurring in the mediastinum are excluded, the two types of 
mediastinal cysts which seem to be best defined are the bronchogenic cysts and 
the eysts of enteric origin.’ * These latter cysts have been referred to also as 
esophageal duplications. They possess a lining similar to that of any portion of 
the gastrointestinal tract, not necessarily the lining of the esophagus. Gastric 
cysts located in the mediastinum are proper members of the latter group of cysts. 

In 1944, Ladd and Scott* pointed out that gastric cysts located in the 
mediastinum may be included best under the term ‘‘esophageal duplications and 
mediastinal cysts of enteric origin.’? They have shown that the mucosa of these 
gastric cysts need not necessarily be the same as that of the esophagus but may 
closely simulate gastric mucosa. Some of the cysts have elements of both eso- 
phageal and gastric mucous membranes. ; 

These cysts are located usually in the posterior mediastinum at the root of 
the lungs and are adherent to the lungs and mediastinal structures.* They 
may be adherent to, or partially embedded in, the diaphragm or even extend 
below the diaphragm as in the case being reported. 

The genesis of gastric cysts has been ascribed to a pinching off of a bud or 
diverticulum of the embryologic foregut. Ladd and Scott® stated that, ‘‘The 
ideas of Keith and Bremer offer the most rational explanation of the embryologic 
development and subsequent form of alimentary duplications. A duplication 
results from the failure of coalescence of vacuoles in the solid stage of the 
alimentary tube in a transverse manner. The greater the distance between 
the sequestrated vacuoles from the true lumen of the primitive alimentary 
tube, the more likelihood of there being no attachment at all between the dup- 
lication and the alimentary tube.’’ 

The intimate attachment of these cysts to the esophagus is of most im- 
portance surgically. The muscular coats are often fused to those of the 
esophagus or the cyst may have a common muscular wall with the esophagus. 
However, some of the cysts have no attachment to the esophagus. The tend- 
ency of these cysts to undergo peptic ulceration, with its ensuing complications, 


Received for publication Oct. 12, 1945. 
*Fellow in Surgery, Mayo Foundation. 
{Division of Surgery, Mayo Clinic. 

tSection on Surgical Pathology, Mayo Clinic. 
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in a few cases is significant. As a result of ulceration it is possible that bron- 
chial communication may be established rather than pulmonary compression and 
extrinsic bronchial obstruction which usually occur. 

_ Intrathoracie gastric cysts usually become apparent in infancy and child- 
hood. The symptoms are pain, cough, dyspnea, dysphagia, and regurgitation 
of food. Either hemoptysis, hematemesis, or both may occur. Repeated infee- 
tion within the eyst may be the basis for supposed recurrent attacks which are 
erroneously considered to be pneumonia, but superimposed pneumonia in the 
lobes in close proximity to the cyst is common. Chronic pulmonary suppurative 
disease, including bronchiectasis, may occur in the lobes immediately surround- 
ing the wall of the cyst. If the cyst is not attached to the esophagus, the ideal 
surgical treatment is removal in one stage. Rarely, it may be necessary to 
remove a lobe of the lung in juxtaposition with the wall of the cyst because of 
the irreparable damage to that portion of the lung due to infection and bron- 
ehiectasis which may be of long-standing. Often an intimate esophageal attach- 
ment makes primary resection difficult. When intimate attachment of the cyst 
to the esophageal wall makes separation impossible, the safest procedure is to 
marsupialize the cyst and to destroy the mucosa at some later date. 

The present report is concerned with the successful surgical removal of 
a gastric cyst located in the mediastinum. 


REPORT OF A CASE 


A white girl, aged 10 years, registered at the Mayo Clinic on May 21, 1945. She 
gave a long history of repeated ‘‘pneumonic’’ attacks. Cough developed when she was 3 
years of age. At this age she experienced two ‘‘pneumonic’’ episodes, one in September 
and one in December, 1937. A long period of cough productive of purulent sputum followed 
the second episode. When she was 7 years of age a long period of nausea and vomiting 
developed during which the temperature ranged from normal to 101° F. In 1941 she had 
pneumonia which first involved the upper lobe of the left lung and later involved the 
lower lobe. 

In October, 1944, when the patient was 10 years of age, she had mumps, complicated 
by persistent nausea and vomiting which were thought to be a recurrence of the illness she 
had experienced at the age of 7. One week after the onset of the mumps a severe illness 
developed which was thought initially to be primary atypical pneumonia. It began with 
severe pleuritic pain, dyspnea, nonproductive irritating cough, palpitation, and fever. A 
roentgenogram of the thorax at that time revealed massive consolidation of the left lung. 
The patient was extremely ill, but eventually recovered under treatment consisting of a 
combination of penicillin and sulfonamides, two blood transfusions, and administration of 
adequate oxygen. This attack was followed by severe cough which was productive of puru- 
lent material and, occasionally, blood. The cough continued and was associated with occa- 
sional elevations of temperature until the time of admission to the clinic in May, 1945. A 
diagnosis of bronchial obstruction which probably originated extrinsically had been made. 

Physical examination at the time of admission to the clinic revealed signs which were 
largely confined to the left side of the thorax. There were diminished resonance and tubular 
breathing over the left side of the thorax. Conduction of voice sounds was increased on 
this side, especially in the posterolateral aspects. 

The roentgenogram of the thorax on May 25, 1945, showed a massive atelectasis in- 
volving at least the lower lobe of the left lung and possibly a portion of the upper lobe. 
There was a considerable shift of the heart and mediastinum to the left side. Bronchoscopy 
was performed and a great deal of purulent secretion was aspirated from the left side but 
no evidence of foreign body was found. However, there was a definite narrowing, especially 
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Fig.. 7, Intrathoracic gastric cyst. and lower lobe of the left ee. b, 
-- position of intrathoracic gastric cyst with a portion extending below the diaphragm. 


Diagram showing 
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of the posterior branch of the left lower lobe bronchus. Studies in which radiopaque oil, 
was used were made on May 29 and roentgenograms showed virtually no oil in the left lower 
lobe. bronchus. There was atelectasis of the left lower lobe. Results of studies of’:the 
stomach and esophagus in which barium was used were negative. Examination of the blood 
revealed that the level of hemoglobin was 12.1 Gm. per 100 ¢.c.; erythrocytes numbered 
6,950,000 and leucocytes, 15,000 per cubic millimeter. Results of examination of the ‘urine 
were essentially negative. 


hehe 2 2.—a, Section of squamous epithelium similar to that of the esophagus removed from 
the portion of the cyst wall indicated by the shaded area in the inset (hematoxylin and eosin, 
X85)... b, Portion of cyst wall as indicated lined by epithelium consisting of tubular glands lined 
by ordinary mucous cells (hematoxylin and eosin, X85). s 


“On June 7, 1945, operation was performed by one of us (O.T.C.).. A primary left 
posterolateral incision was made, a long segment of the seventh rib was resécted, and the 
Pleura was opened. The entire surface of the left lung was densely adherent to the thoracic 
wall; - A lie of cleavage was established between the visceral and parietal pleuras and a 
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good fissure was found between the upper and lower lobes. It was possible to carry out. 
hilar resection with individual ligation of the hilar structures. A large cystic mass which 
extended down into the diaphragm posteriorly was found in the medial portion of the lower 
left side of the thorax. The esophagus, lying anterior to the cystic mass, was identified. The 
cystic mass was very adherent to the mesial and undersurface of the lung and was at first — 
thought to be a cyst of the lung. It proved to be a congenital mediastinal gastric cyst 
which had become infected and established bronchial communication. Chronic suppurative 
disease was present in the bronchus of the lower lobe. Dissection was carried out down 
through the diaphragm with some difficulty. The entire cyst was removed. Temporary 
closed intercostal drainage was instituted and bronchoscopy was performed postoperatively. 

The patient was dismissed from the clinic on June 25, 1945, in excellent general 
condition. The wound healed well. 


Fig. 3.—Portion of cyst wall as indicated lined by news coe containing both chief 
and parietal cells (hematoxylin and eosin, X45). 


Pathologic Examination—The large, somewhat rounded sac measured 12 by 10 by 7 
em. and was rather pyriform in shape with the small lower extremity extending below the 
larger bulbar portion (Fig. la). Approximately seven-eighths of the sac was located above 
the diaphragm while the remaining portion had extended below the ee (Fig. 1b). 
The sac contained thick fluid of mucoid character. 

Attached to the outer surface of this lower portion of the sac was a small portion of 
adherent diaphragmatic muscle. The wall consisted of three distinct layers, namely, an 
inner epithelial layer, a middle thick muscular layer, and an outer layer which was loose, 
fibrous, and fatty. The epithelial layer varied in histologic appearance; it could be divided 
into three distinct portions. The left upper portion of the cyst was lined by stratified 
squamous epithelium of the esophagus (Fig. 2a). The right portion of the cyst consisted 
of tubular glands lined by ordinary mucous cells comparable to that of the pylorus (Fig, 2b). 
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The lower portion of the sac was lined by glandular epithelium with chief and parietal cells 
corresponding to the epithelium of the body and fundus of the stomach (Fig. 3). 

There was ulceration of the lining over the left lateral surface where the sac was 
adherent to the lower lobe of the left lung and in this location there was a marked in- 
flammatory reaction. The contents of the eyst were thick, mucoid, and obviously infected. 
The lower lobe of the left lung coutained evidence of bronchiectasis and associated marked 
chronic pneumonitis. 

From the pathologic findings this intrathoracic cyst can be considered a gastric cyst 
or an accessory stomach, 


COMMENT AND SUMMARY 


Several unusual features about this case of intrathoracic gastric one are 
worthy of consideration. The first of these was its partial extension’ below.the 
diaphragm. Other gastric cysts reported have been attached to the diaphragm, 
or embedded in it but, to our knowledge, none of the intrathoracic cysts have 
extended below the diaphragm. This extension was of considerable surgical 
importance because removal of it necessitated repair of the diaphragm following 
removal of the cyst. , 

The associated bronchiectasis in the left lower lobe was a second unusual 
feature. The cyst had apparently established bronchial communication. It: 
is impossible to determine in this case what part peptic ulceration played in 
the establishment of such a bronchial communication. Unfortunately, studies 
were not carried out to determine whether the contents of the cyst contained 
enzymes or acid. Because of the types of*mucosal linings present, including the 
parietal cells in sufficient quantity, and the thick, mucoid character of the con- 
tents of the cyst, it does not seem unreasonable to assume that such a cyst was 
producing acid and peptic enzymes. 

A third feature was that the cyst contained the esophageal, as well as the 
gastric, type of mucosa as has been the situation in a few of the reported cases. 
A large number of parietal cells were found in the gastric type. The wall of 
the cyst was composed of three distinct layers. 

There was no intimate attachment of the cyst wall to the esophagus nor 
did the cyst and the esophagus have a common musculature. The latter sit- 
uation was important because it permitted primary removal of the cyst in one 
stage. This is not feasible in many cases because of the intimate attachment 
to the esophagus. The firm attachment of the lower lobe of the left lung to 
the lateral portion: of the cyst wall did increase the difficulty of resection. As 
far as can be determined, this is the first case in which an intrathoracie gastric 
cyst was associated with bronchiectasis, had a portion of its wall extending 
below the diaphragm, and: was treated successfully by removal of the eyst and 
lower lobe of the left lung ,in, one stage. 
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CRUSHING INJURIES OF THE CHEST 


Ross Rosertson, F.R.C.S.(C)* 
VANCOUVER, BriITISH CoLUMBIA, CANADA 


INTRODUCTION 


HE Medical Officers of the Royal Canadian Air Force did not have the 

opportunity of treating large numbers of chest injuries as was the privilege 
of the Medical Officers of the American Army attached to special chest units. 
However, we did see a number of crushing injuries of the chest and since our 
hospitals were located directly on the airdrome, we were often able to attend 
the patients a few minutes after the accident occurred and to follow through 
to the completion of their treatment. 

Crushing injuries of the chest are commonly encountered in civilian practice 
and for.the most part are not adequately treated, therefore it seems worth while 
to present:a few cases which illustrate the necessity for early, effective treatment, 
carried out with an understanding of the physiology and pathology of the 
injured chest. The immediate concern is to keep the patient alive and if one 
keeps in mind the causes of death from crushing injuries of the chest and the 
underlying pathology, the rational treatment becomes clear. 


DISTURBANCES OF CARDIORESPIRATORY FUNCTIONS 


Crushing injuries of the chest may cause anoxia and death from the 
following disturbances of the delicately balanced cardiorespiratory function: 
(1) hemorrhage, (2) cardiac tamponade, (3) respiratory failure (mechanical 
aspliyxia), (4) acute pulmonary edema. 

Hemorrhage-——Hemorrhage may be from an intercostal artery, internal 
mammary artery, or pulmonary vessels. The signs of internal hemorrhage, 
pallor, shock, fluid in the chest, etc., may appear late, one hour or more after 
the injury, because of the tendency for intrathoracic bleeding to persist (Fig. 
4,_A). For this reason, chest injuries must be observed closely for several 
hours even though at first the injury does not appear severe. It is important 
to’ distinguish between hemorrhage from the chest wall and intrapulmonary 
hemorrhage. As long as intrapulmonary hemorrhage threatens, the lung should 
be kept collapsed. 

Cardiac Pomprneilt: —Cardiae tamponade is circulatory failure due to 
inadequate filling of the heart resulting from pressure or traction on the 
auricles and superior vena cava. 

It may be caused by displacement of the mediastinum from pressure pheumo- 
thorax, ‘hemothorax, massive atelectasis, diaphragmatic hernia, emphysema or 
hematoma of the mediastinum, and by hemopericardium. 


Read at the Twen ual Meeting of The American Association for Thoracic 
Surgery, Mich., 30, 31, 1946. 

*Formerly Wing Commander, R.C.A.F., Shaughnessy Hospital, Department of Veterans 
Affairs, Division of Thoracic Surgery. 
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CRUSHING INJURIES OF CHEST 


Cardiac tamponade is the commonest preventable cause of death in chest 
wounds. When treated promptly, a moribund patient can be restored with 
amazing rapidity. 

Respiratory Failure (Mechanical Asphyxia).—Respiratory failure is the 
least frequent cause of death from chest wounds, for even a small area of lung, 
providing it is functioning properly, will sustain life. Respiratory failure may 
be caused by paradoxical respiration of a shattered chest wall so that on respira- 
tion stale air flows back and forth between the crushed side and the good lung. 
It may also result from obstruction to the airway by blood or mediastinal 
emphysema, elevation of the diaphragm from extreme gastric dilatation, or a 
bilateral tension pneumothorax. Bilateral pneumothorax will not cause respira- 
tory failure. providing the interpleural pressures are kept negative, so that air 
flows into the lung during inspiration. 

Acute Pulmonary Edema.—Acute pulmonary edema is caused by pressure 
on the pulmonary veins by mediastinal emphysema or hematoma or by shock. 


PATHOLOGY 


It is essential in the treatment of crushing injuries of the chest to diagnose 
accurately the pathologic condition present and to understand clearly itseffeet 
on the physiology of the respiration and circulation. A crushing injury of 
the chest may fracture numerous ribs causing paradoxical respiration from a 
flapping chest wall. A fractured rib may puncture the lung or blood vessels 
or, even in the absence of rib fractures, a sudden crushing injury may tear 
these structures. The following pathologie conditions should be kept in mind: 

(1) airway obstructed with blood, (2) flapping chest wall, (3) hemothorax, 
(4) tension pneumothorax, (5) massive atelectasis, (6) mediastinal hematoma, 
(7) mediastinal emphysema, (8) hemopericardium, (9) diaphragmatic hernia, 
(10) acute gastric dilatation, (11) air embolism. 


TREATMENT 


Oxygen should be administered immediately at the rate of 8 to 10 L. per 
minute, without waiting for cyanosis to develop. The first signs of anoxia, rapid 
pulse, dyspnea, and restlessness, may appear sometime before cyanosis develops. 
An immediate portable x-ray examination should be ordered without interrupt- 
ing treatment, for although the diagnosis will usually be. lear on physical 
examination some cases will be most misleading and x-ray views will be life- 
saving (Fig. 1). 

Blood obstructing the airway should be removed by suction with a catheter 
passed through the nose into the brenchus. 

A flapping chest wall with painful and paradoxical respiration can be 
relieved by adhesive strapping encircling the chest (Fig. 2). Morphine may be 
given intravenously with caution to relieve pain. Depression of the cough 
reflex is not a disadvantage in the early. iatenen, but rather tends to Iwevent 
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Fig. 1 (Case 1).—Post-mortem view showing massive atelectasis of, right lung pulling me- 
diastinum to right. Small pneumothorax on left. Officer was admitted to hospital: fifteen 
minutes after aircraft crash, considered too ill for x-ray examination. Cardiac tamponade was 
recognized but thought due to pressure pneumothorax on the left. An immediate x-ray exa- 
mination followed by a therapeutic pneumothorax on the right might have saved his life. 


“ Fig. 2 (Case 2).—Multiple fractures of rits ‘with small traumatic pneumothorax ‘of righ 
side of chest. Patient was dyspneic and cyanotic from flapping chest wall. Adhesive strap- 
ping encircling the chest gave relief. 
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Fig. 3 (Case 3).—A, Hemothorax following crushing injury to left — in car Pye 

Dyspnea was never severe, no cyanosis.. Treated by repeated aspirations. B, Fight months 

hes = A few adhesions to left dayhragen Dyspnea after swimming crawl stroke 
ya 
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— 4 (Case Taare X-ray view, one-half hour after aircraft crash, showing multiple 
fractur ribs, left c ee with small pneumohemothorax. Shortly after this x-ray view was 


taken, his condition rapidly deteriorated with the development of a massive hemothorax. 


B, X-ray view four days after injury. Intercostal catheter in second interspace an- 
teriorly. Pneumohemothorax with atelectasis of left lung and displacement of mediastinum 
to — by weight of fluid. Following this x-ray view, 400 ¢.c. of bloody fluid were aspirated, 
sufficient only to relieve the dyspnea as there was stili some hemoptysis. 
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As stated previously, blood is best removed from the airway by suction 
rather than by distressing and damaging cough. Oxygen may be given under 
slight positive pressure. An iron lung may be useful occasionally. 

Loss of blood is replaced by transfusions with large quantities of citrated 
blood or, if this is not available, serum. Two or three thousand cubic centimeters 
may be required. Autotransfusion is safe if the blood is not more than twenty- 
four hours old. Saline solution is dangerous because of the risk of pulmonary 
edema, but occasionally it may be given slowly for severe dehydration. A hemo- 
thorax should not be aspirated for three or four days or until danger of intra- 
pulmonary hemorrhage is over, when torn pulmonary vessels have had sufficient 
time to become firmly thrombosed. The hydrostatic pressure of large quantities 


Fig. 4.—C, Twenty-one days after injury. Fluid gone (3,900 c.c. drained off in first seven 
days). eft lung re-expanded. Catheter removed after this x-ray picture. Patient has no 
dyspnea on ordinary exertion. 


of blood in the thorax may cause cardiac tamponade but, on the other hand, it 
will tend to stop bleeding from the lung and the chest wall; therefore, if there | 
are signs of cardiac tamponade, aspiration should be only in amounts sufficient 
to relieve the symptoms and the blood should be replaced with air sufficient to 
keep the lung collapsed ¢Fig.-4, B). When the danger of further hemorrhage has 
passed, the hemothorax should be aspirated‘as completely as possible without dis- 
tress to the patient. Blood in the’pleural sac apparently causes considerable ‘irri- 
tation of the pleura with resultant effusion so that after a thorough aspiration 
considerable fluid will re-form'and may even cause pressure symptoms. Aspiration 
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must be persistent, until the lung is completely and permanently re-expanded 
(Fig. 3, A and B). If repeated aspiration fails to remove the fluid shown to be 
present by x-ray examination, clotting has occurred. In the early stage it is 
usually possible to remove the clots with an intercostal catheter and suction of 
about 5 ¢.c. of mercury. If this is not possible, a thoracotomy is indicated to 
decorticate the lung permitting complete re-expansion. This should be per- 
formed as soon as the patient’s condition permits before the clot has become 
firmly organized, usually in from two to three weeks. 


Fig. 5 (Case 5).—A, Multiple fractures of ribs and herniation of colon into left chest with 
moderate displacement of mediastinum to the right. Patient had been struck by a railway 
speeder. There was hyper-resonance with absent breath sounds in the left side of the chest. 
The upper part of the abdomen was tender and rigid. B, Barium enema reveals splenic 


Cardiac Tamponade.—lIf cardiac tamponade is caused by tension pneumo- 
thorax, it is best relieved by the insertion of an intercostal catheter with drainage 
under 2 ¢.c. of water. The catheter should be inserted in the second interspace 
anteriorly to tap the dome of the pleura where the air accumulates (Fig. 4, B). 
In this way, positive pressure pneumothorax is automatically relieved without 
removing excess blood. When the danger of bleeding is over, usually in three 
to six days, the air and blood can be gradually and completely evacuated by 
posturing the patient (Fig. 4, C). The rate of evacuation is determined by the 
patient’s symptoms. Too rapid withdrawal will cause dyspnea and a feeling 
of tightness in the chest. The presence of an intercostal catheter gives much 
better control of a tension pneumothorax. There is little tendency for the 
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‘ Fig. 5.—B, Barium enema reveals splenic flexure of colon in left side of chest confirm- 
ing diagnosis of diaphragmatic hernia. C, Postoperative x-ray view after repair of left dia- 
phragm from below. (Courtesy of Dr. A. B. Schinbein.) 
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catheter to plug, the patient is spared repeated needlings, and the chest can be 
strapped adequately to control paradoxical respiration. When a hemothorax 
is drained with an intercostal catheter, a clotted hemothorax rarely develops. 

If cardiac tamponade is caused by massive atelectasis due to plugging of a 
main bronchus with blood clot, it will be found that a pneumothorax is not 
present and the symptoms will be dramatically relieved if pneumothorax is 
given. In addition, the hemorrhage from the pulmonary vessels will be con- 
trolled also. Later, the plugged bronchus should be aspirated with a nasal 
catheter or through a bronehoscope (Figs. 1 and 7). 

Mediastinal hemothorax or emphysema causing acute pulmonary edema or 
compression of the airway is treated by an incision in the episternal notch which 
is kept covered with a loose petrolatum gauze dressing to allow blood and air 
to escape. The administration of concentrated anes serum may be of assistance. 
Saline solution should be avoided. Atropine, gr. %4o9 to %po, is often helpful. 


: 

Fig. 6 (Case 6). Herniation of left diaphragm and diffuse intrapulmonary hemorrhage 
following crushing injury in a jeep accident. Patient was very dyspneic and cyanotic, Raine | 
hemoptysis. Coarse rales were heard throughout the chest with splashing sounds at the lef 
base. He was treated conservatively with bronchial and gastric aspiration and died eight days 
after injury. (Courtesy of Lieutenant Colonel Rocke Robertson.) 


Acute gastric dilatation, if present, should be eepered by suction through 
a duodenal tube. 

In one patient, air eanboRismn occurred three days after injury while he was 
being moved for x-ray examination of a fractured ankle. One of the fractured 
ribs formed a very sharp spicule and a small traumatic pneumothorax failed to 
protect the lung. He had a partial hemiplegia which cleared completely in three 
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Fig. 7 (Case 7).—A, Massive atelectasis of left lung following hemoptysis in a patient 
with minimal pulmonary’ tuberculosis. A small left pneumothorax had been given to relieve 
severe dyspnea and cyanosis from pull on the mediastinum. B, Blood plugging left main 
bronchus removed five days previously by bronchoscopic aspiration. Lung now re-expanded. 
(From Robertson, Ross: Canad. M. A. J. 44: 111, 1941.) 
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weeks. This complication would have been prevented if the pneumothorax had 
been increased to collapse the lung out of reach of the broken ribs. 

Cardiac tamponade from hemopericardium calls for aspiration of the blood 
from the pericardial sac. 

A large herniation of abdominal viscera through a ruptured diaphragm 
might easily be mistaken for a traumatic pneumothorax (Fig. 5, A). Expansion 
of gases in the displaced viscera may cause acute cardiac tamponade and 
necessitate immediate thoracotomy for repair of the diaphragm (Fig. 6). 


CONCLUSIONS 


1. An intercostal catheter inserted in the second interspace anteriorly 
is the most effective method of controlling pressure pneumothorax and of pre- 
venting clotting hemothorax. 

2. Intrapulmonary hemorrhage is best controlled by collapse of the lung 
by pneumothorax. 

3. Bronchial secretions or hemorrhage should be needed by aspiration 
rather than strenuous coughing. 

4. A diaphragmatic hernia is almost the only indication for immediate 
thoracotomy in crushing injuries of the chest. 

5. In every general hospital, a team trained and equipped to treat crushing 
wounds of the chest would save many lives. 
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DISCUSSION 


DR. ALFRED BLALOCK, Baltimore, Md.—I would like to ask Dr. Robertson how 
he makes the diagnosis of cardiac tamponade. More specifically, I would like to know 
if the venous pressure was measured and, if so, what the venous pressure was; and, second, 
if the heart was fluoroscoped with regard to pulsations. 


DR. CLAUDE 8. BECK, Cleveland, Ohio.—There is a good English word to take the 
place of cardiac tamponade, which seems to be getting general use in the literature, and that 
is the simple term of ‘‘compression of the heart.’’ It seems to me that that term is better 
than cardiac tamponade. 


DR. H. BRODIE STEPHENS, San Francisco, Calif—It is my opinion that hemo- 
thorax is best managed by early aspiration. Early aspiration means removal of the hemo- 
thorax within twenty-four to forty-eight hours after injury. The British, under the leader- 
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ship of A. Tudor Edwards, are particularly insistent that a fresh hemothorax be aspirated 
early in order to prevent a possible chronic hemothorax. 

I believe it is worthy of mention to tell you of a wounded soldier I treated in a Field 
Hospital in the winter of 1944. This soldier had a sucking wound of the right chest due to 
a retained high explosive shell fragment. I débrided the sucking wound and opened the 
pleural cavity rather widely in accomplishing the débridement. The hemothorax present was 
clotted and the entrance wound on the lateral surface of the right lung near the fissure be- 
tween the upper and lower lobes was completely dry and actually sealed. I attempted to 
reach the retained shell fragment by passing my finger along the tract of the missile. I 
could not reach the foreign body but upon withdrawing my finger from the wound in the 
lung, the hemorrhage was so severe that pneumonectomy was required. The resected right 
lung revealed that the branch of the pulmonary artery to the upper lobe had been completely 
severed by the offending missile. 

This particular case is cited to emphasize the point that pulmonary bleeding will either 
cease spontaneously or result in death from exsanguination. It is my opinion that aspiration 
per se has little, if any, direct effect on the amount or duration of parenchymal bleeding. 
Early aspiration of a hemothorax brings about immediate direct relief to the cardiorespiratory 
system from the ill effects of fluid under pressure, and in addition such management of 
hemothorax may prevent so-called chronic hemothorax. 


DR. ROSS ROBERTSON, Vancouver, Canada.—In reply to Dr. Blalock, we did not 
use the fluoroscope to diagnose cardiac tamponade. It can usually be diagnosed by physical 
examination, by noting the position of the heart and the trachea, but the cause of it may 
be difficult to diagnose, and for that reason the patient should have a good portable x-ray 
examination. 

As to the use of the term ‘‘tamponade,’’ I would prefer to say that there is some 
interference with the filling of the heart. That interference need not be due to pressure. 
It may be due to traction on the mediastinum. Any displacement of the mediastinum may 
cause it. 

In reply to Dr. Stevens, about the early aspiration of hemothorax, I think that most 
authors have first seen these patients a day or two after their injury, and if that is what 
Dr. Stevens means by early aspiration, I agree heartily with him, but when a patient is seen 
within one hour or so after injury, when he is still expectorating fresh blood, I think the lung 
should be kept collapsed, and I think it is best to defer the aspiration until the intrapulmonary 
hemorrhage is under control. 
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ACUTE SUPPURATIVE MEDIASTINITIS 


Apams, M.D. 
Boston, Mass. 


CUTE suppurative mediastinitis has been, until recent years, a disease 
accompanied by a high mortality rate, and the occasional case with re- 
covery was considered unusual. Patients in seven such cases have been treated 
in the last three years, with successful recovery from the mediastinitis in all 
instances. The methods of management of these cases are presented, in the 
belief that they may be of interest to the profession (Table I). 

Certain points are worthy of emphasis. 

The following symptoms are of assistance in making a diagnosis promptly : 
pain in the neck or chest on swallowing, pain in the epigastrium or shoulder, 
and pain on inspiration. Each of these patients had pain in one or another of 
the locations mentioned within one to six hours of the esophageal injury which 
caused the mediastinitis. Neck pain oceurred only in the three patients with 
cervical esophageal leakage. Epigastric pain was an early symptom in the 
three patients in whom the perforation was in the lower third of the esophagus. 
One patient with a midesophageal perforation had substernal pain. Two pa- 
tients in whom there was rapid extension of infection into the inferior pul- 
monary ligament and retropleurally over the diaphragm had shoulder pain. 
One of these patients had sharp pleuritic pain on inspiration. The earliest 
symptom in all cases was pain on swallowing, and it was noticed in some 
degree from the first fluids taken after injury, although variable in the severity 
and in the rapidity with which it developed. 

The physical signs observed in the cervical region were tenderness, full- 
ness, and edema along the course of the left sternomastoid muscle. Three of 
the patients with lower esophageal leakage had epigastric tenderness and spasm. 

The temperature rose 1 or 2° F. within eight hours in all cases, and was 
accompanied by an elevation of the leucocyte count to levels ranging from 
13,000 to 31,000 within twenty-four hours. A temporary period of apparent 
improvement and subsidence of reaction occurred in four of these cases between 
six and eighteen hours after injury, marked by decrease in pain and tender- 
ness, and lowering of the temperature reading and leucocyte count. This 
transient but treacherous phenomenon may induce in the physician a danger- 
ous and false impression that recovery has begun. It is thought to represent 
merely a delay between the body responses to the initial chemical type of 
injury of esophageal secretions in contact with the mediastinal tissues and, 
subsequently, to the infectious process itself. 


Read (by title) at the Twenty-Sixth Annual Meeting of The American Association for 
Thoracic Surgery, Detroit, Mich., May 29, 30, and 31, 1946. 
From the Department of Surgery, The Lahey Clinic. 
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Any patient suspected of having suffered an esophageal perforation should 
be promptly examined fluoroscopically and roentgenologically, with barium in 
the esophagus, with a radiologist in charge of the examination. Roentgeno- 
grams made with portable apparatus are seldom done under sufficient control 
of conditions to assure adequate study or interpretation of the findings. Ifa 
patient is sick enough to warrant a tentative diagnosis of suppurative mediasti- 
nitis secondary to esophageal leakage, it is imperative that the diagnosis be 
confirmed or excluded promptly. Procrastination and delay are factors more 
likely to allow him to become worse than is a trip to the x-ray department. 
The same reasoning is valid in regard to introduction of barium mixture into 
the esophagus. If the patient does not have a perforation, a swallow of barium 
will do him no harm. If a perforation is present, it may be demonstrated by 
extravasation of the barium mixture, and immediate drainage instituted. Other 
roentgenologice signs of mediastinal infection observed have been: air in the 
tissue planes of the neck and mediastinum, anterior displacement of the 
esophagus, widening of the mediastinal shadow, elevation of a diaphragm, and 
obliteration of the ecostophrenic or cardiophreniec angle. 

The primary requirement in treatment is prompt establishment of depend- 
ent drainage. Infection within the mediastinum rapidly becomes widely dis- 
seminated along the tissue planes, there being little natural provision for 
localization or immunization in this region. Surgical drainage is indicated 
immediately after making the diagnosis. 

Gastrostomy should always be done for purposes of fluid and food ad- 
ministration. In four of the cases, the gastrostomy was done as the initial 
procedure under the same intratracheal anesthesia as used for the mediastinot- 
omy. Only a short time is required. The esophagus thereafter can be left at 
rest until the perforation has healed. Frequently, subsequent esophageal dila- 
tation of a stricture responsible for the perforation is desirable over a guiding 
thread by the retrograde route provided through a gastrostomy opening. In 
fact, one may question the wisdom of attempting dilatation of any esophageal 
stricture except with the guidance of an indwelling thread. Two of the in- 
stances of perforation reported here might have been prevented by preliminary 


passage of a thread through the esophagus. If it cannot be swallowed or 


passed into the stomach and small intestine for anchorage, that fact alone is 
sufficient indication for gastrostomy. By the retrograde route a stricture of 
the esophagus can usually be traversed more safely than per orally, a thread 
drawn through, and dilatations then carried out with lessened hazard. It 
would seem reasonable for the physician to decline responsibility for treatment 
of a patient with a stricture who refuses to have a recommended preliminary 
gastrostomy. 

Drainage of the mediastinum has been established in all cases within 
three hours of the time the patients were seen in consultation and the diagnosis 
confirmed. The site of drainage has been determined by the level of the 
esophageal perforation and the location of the mediastinal abscess. The three 
lower and one mid-mediastinal infections were drained retropleurally through 
the bed of the eighth rib posteriorly. The right or left side was entered to 
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TABLE I, 
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AGE | ADMIS- CAUSE OF LOCA- 
AND SION PRECEDING MEDIASTI- TION OF 
CASE | SEX DATE DISEASE NITIS LEAKAGE SYMPTOMS 

1 64,M 2/24/43 Causticstricture, | Esophagos- Lower Pain on swallowing; pain in epi- 

3 mo. copy and third gastrium and right shoulder; 
dilatation esopha- pain on inspiration; fever 
gus 

2 49,F 4/ 4/44 Cardiospasm, 6 Esophageal Lower Pain on swallowing; fever 10 hr. 
mo. dilatation third after dilatation; 102°F., 30 q 

esopha- hr. afterward; pain in upper 
gus abdomen 

38 50,F 4/13/44 Cardiospasm and Plummer Lower Pain at time of dilatation; temp. | 
fibrous stric- bag dilata- third 99.8° F. next day; 101° F. in 
ture, 8 yr. tion to 15 esopha- 48 hr.; pain in epigastrium 

pounds gus with swallowing; painful 
breathing 

4 70,F 2/ 5/46 Carcinoma of Esophagos- Middle Pain on swallowing 6 hr. after 
esophagus in- copy and third biopsy; severe substernal and 
vading medi- biopsy esopha- upper abdominal pain and 
astinum, 5 mo. gus dyspnea 8 hr. after biopsy; 

fever 100° F. 

5 58,F 1/11/44 — Bony spur eervi- Perforation Cervical Pain on swallowing; gradual on- 
cal vertebra ; of cervical esopha- set; pain and soreness in mus- 
diaphragmatic esophagus gus cles in left side of neck; slow- 
hernia; short by bony ly rising fever for 3 days 
esophagus spur dur- 

ing esoph- 
agoscopy 

6 43,F 5/24/45 Plummer-Vinson Esophagos- Cervical Pain on swallowing; pain in 
syndrome; copy and esopha- neck and upper chest; rising 
stenosis of dilatation gus fever to 100° F. in 24 hr. 
cervical 
esophagus 

7 44,F 1/13/46 — Cervical esopha- Dilatation Cervical Pain on swallowing in neck and 
geal stenosis 10 days esopha- upper right side of chest fol- 
from old thy- prior to gus lowing dilatation; increasing 
roidectomy in- entry for 10 days; fever to 102° F.; 
jury ; receiv- unable to swallow, 5 days; 
ing periodic dyspnea, stridor, cyanosis, 4 
dilatations hr. 


approach the abscess on the side of most marked mediastinal widening and 
pleural reaction. The cervical mediastinal infections were drained by an in- 
cision along the medial border of the left sternomastoid muscle, and deepened 
lateral to the thyroid gland to reach the retroesophageal space. In each of the 
three cases of cervical mediastinitis, the infection was found to extend into the 
upper thorax. Therefore, a right-sided posterior mediastinotomy through the 
bed of the third or fourth rib was done at the same time to establish through- 
and-through dependent drainage. 
ference from the aortic arch or subclavian arteries, or injury to the thoracic 


duct, as might occur with a left-sided appreach. 


The right side was chosen to avoid inter- 


sv 
Te 
| 
By 
Te 
Te 
| 


ADAMS: ACUTE SUPPURATIVE MEDIASTINITIS 339 
SuMMARY OF CASES 
LABORA- DURATION 
TORY DATA OF SYMP- 
(WHITE TOMS 
BLOOD ROENTGENOLOGIC BEFORE 
B. L SIGNS CELLS) FINDINGS SURGERY TREATMENT RESULT 
pi- { Spasm upperab- 20,000in Elevation right dia- 31 hr. Mediastinotomy, right Recovery 
2 domen; rapid 4hr.; phragm; effusion right posterior; chemo- from 
shallow breath- 17,000 in eardiophrenic angle therapy; gastros- medias- 
J, ing 16 hr. ; and over right dia- tomy; later retro- tinitis 
31,000 in phragm; widened medi- grade bouginage 
30 hr. astinal border on right, 
no barium given 
wr. | Tenderness, mild 9,000 in Barium extravasation; 32 hr. Gastrostomy; medias- Recovery 
30 4} spasminupper 30hr. elevated left dia- tinotomy, left pos- from 
er abdomen phragm; obliterated terior; chemotherapy medias- 
left cardiophrenic and tinitis 
costophrenic angles 
p. Tenderness, 15,000 in No barium extravasation, 50 hr. Gastrostomy; medias- Recovery 
i) spasm left up- 48 hr. obliterated left costo- tinotomy, left pos- from 
m per quadrant ; phrenic angle; elevated terior; chemotherapy medias- 
ul diminished left diaphragm; dis- tinitis 
l breath sounds placed esophagus in 
T at left base widened mediastinum 
ar § Epigastric ten- 19,000in Barium extravasation; 9 hr. Gastrostomy; left pos- Recovery 
d derness and 8 hr. widened mediastinum; terior mediastinot- from 
d spasm ; dimin- left pleuritis omy; chemotherapy medias- 
ished breath tinitis 
sounds at left 
base 
 { Tenderness, 13,000in Air in soft tissues of 96 hr. Cervical mediastinot- Recovery 
45 edema, indura- 72 hr. ; neck; anterior displace- omy, left; gastros- from 
Fe | tion of neck 18,000 in ment of esophagus and tomy; thoracic medi- medias- 
muscles 96 hr. trachea; deformity of astinotomy, upper tinitis 
trachea from pressure right posterior ; 
posteriorly chemotherapy 
 § Tenderness, 19,000in Air in soft tissues of 30 hr. Cervical mediastinot- Recovery 
4 edema, indura- 24 hr. neck and upper tho- omy, left; gastros- from 
tion of left racic mediastinum; ab- tomy; thoracic medi- medias 
side of neck normally increased astinotomy, right tinitis 
diameter of space be- upper, posterior ; 
tween trachea and cer- chemotherapy 
vical spine 

Cyanosis, unable 17,0000n Barium extravasation; 10 days Old gastrostomy open- Recovery 
to swallow; admis- mass in cervical and ing re-established ; from 
tenderness, in- sion upper thoracic medias- cervical mediastinot- medias- 
duration and tinum; anterior dis- omy, left; thoracic tinitis 
crepitus in placement of trachea; mediastinotomy, 


neck muscles 


air in soft tissues of 
neck 


right upper posterior 


In each of the cases, the mediastinal abscess was packed loosely with dry 
One catheter was placed for introduction of a constant drip of peni- 
cillin or sulfanilamide solution. Another catheter was placed on suction, with 
its inner end within the wound in the chest wall to remove the fluid and sim- 
plify the problem of nursing care. All patients were kept in Trendelenburg 


gauze. 


position for five days. 
a soft rubber tube inserted for maintenance of drainage. 


The gauze packing was removed on the fifth day and 
Irrigations were 


discontinued on the fifth day. The rubber tubing was gradually shortened as 
drainage decreased and was eventually removed when the cavity and sinus 
tracts were healed out to the level of the chest wall muscles. 
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Hydration, caloric and vitamin intake, and high circulating levels of 
sulfadiazine and penicillin were maintained through parenteral and gastros- 
tomy administration. The chemotherapy was continued until after all signs of 

systemic reaction to infection had subsided. 


SUMMARY 


Acute suppurative mediastinitis caused by trauma or perforation of the 
esophageal wall historically has been attended by a high mortality rate. 

In 1943 a plan consisting of immediate gastrostomy and extrapleural medi- 
astinotomy and massive chemotherapy was adopted. Since then seven patients 
have been so treated and each has recovered. 

The principles and details believed to be essential to the establishment of 
a prompt diagnosis and an effective regimen of treatment are described and 


diseussed. 


OPEN PNEUMONOLYSIS 
AN ApJuNCT TO PNEUMOTHORAX AND CLOSED PNEUMONOLYSIS 


O. C. Brantigan, M.D. (By INVITATION) 
Mp. 


PEN pneumonolysis was first done by Friedrich?® in 1908. Many workers 
realized the necessity of releasing pleural adhesions in order to bring 
about adequate pulmonary collapse in an otherwise ineffective pneumothorax. 
In spite of poor results and a high mortality in the past, a number of sur- 
geons*> 15-16, 18, 19, 24, 52-34, 38 continued to favor open pneumonolysis. 


The closed method of releasing pleural adhesions was developed by Jaco- 
baeus and Beitr?> in 1913 and, interestingly enough, this procedure had to 
prove its superiority over the open operation. The open method was pre- 
ferred by several workers,'* **'* during the period when the closed operation 
was becoming established. By comparing only two eases, Sachs** attempted 
to show the superiority of the closed method. The closed method of intra- 
pleural pneumonolysis became an established procedure in Europe before it 
did in the United States. Matson assured it a lasting place in American 
medicine. Since closed pneumonolysis became an established and accepted 
operation, two schools of thought have prevailed concerning the open operation. 
Some writers have condemned the procedure as dangerous,® * 2% 298% and 
others take pride in saying it died a deserved death. It is obvious that these 
statements often are not based upon experience. Other workers,***> * par- 
ticularly Alexander and Anderson,” * Dohnanyi,’* and Hoppe,” have maintained 
that the procedure, properly used, has its place in the treatment of pulmonary 
tuberculosis. 

Alexander, in 1925' and 1937,? reviewed all reported cases of open pneu- 
monolysis. In 1925 he concluded, ‘‘. . . that thoracoplasty is preferable to 
pneumothorax which must be preceded by so risky an operation as open intra- 
pleural pneumonolysis.’’ When the literature is reviewed one must agree 
with Alexander, who wrote in 1937, ‘‘.. . almost without exception the results 
that were reported until a few years ago were unsatisfactory; many of the 
patients were made worse or died ....’’ It seems that Anderson and Alex- 
ander,‘ Carter,’* and Hoppe** were the only workers who reserved open pneu- 
monolysis for those patients in whom thoracoscopic examination revealed that 
the adhesions could not be released by the closed method. Alexander, in 1937 
believed ‘‘. . . developments in the technic of open intrapleural pneumonolysis 
have made the operation a valuable one for a small group of patients.’’ This 
statement is applicable again in 1946, since developments from 1937 to 1946 


Read (by title) at the Twenty-Sixth Annual Meeting of The American Association for 
Thoracic Surgery at Detroit, Mich., May 29, 30, and 31, 1946. 
From the Department of Surgery, School of Medicine, University of Maryland. 
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far exceed those from 1925 to 1937. Alexander appears to be the only author 
who has written about open intrapleural pneumonolysis over an extended 
period of time. 

Knowledge in medicine and surgery has increased tremendously in the 
past ten years. The advances that favorably influence the results in open 
pneumonolysis are many. It is fitting to discuss a few of these, especially the 
advances that, when applied clinically, have eliminated most of the morbidity 
and mortality associated with past attempts at open pneumonolysis. Pneumo- 
thorax will not be carried out when a patient has a large tension cavity.*® 
When either fibrotic or tuberculous bronchial stenosis exists, pneumothorax 
will not be instituted nor will it be continued when atelectasis occurs.*? The 
necessity of doing open pneumonolysis is thus eliminated in this group of 
patients, where complications are frequent and serious under pneumothorax 
therapy alone. Fewer patients need open pneumonolysis because the closed 
release of adhesions is highly effective.*‘ Thus, when a patient is selected 
for an open operation, no surprise or unexpected contraindications will be 
found when the pleural cavity is opened. The physiology of the lungs and 
pleura is better understood. 

Eloesser*® seemed surprised at the ability to open the pleura under local 
anesthesia. The patient usually will maintain an open airway when awake; 
under general anesthesia the intratracheal tube will assure an open airway. 
The anesthetists are more capable now than ten years ago. Surgical shock 
is better understood and therefore it is no longer a serious problem in these 
eases. The loss of the pneumothorax after open pneumonolysis is no longer 
a serious problem. Re-expansion of the lung occurs because of bronchial 
obstruction that results from either bronchial disease® or muscular spasm in 
the bronchioles.’2 Subcutaneous emphysema is a symptom of re-expansion 
of the lung and not a cause. Postoperative pneumonia can, for the most part, 
be prevented by the proper administration of a sulfonamide drug. It also 
appears that perhaps a sulfonamide drug will aid somewhat in preventing a 
spread of the tuberculous pulmonary disease.‘t Wound healing without sup- 
puration and the elimination of pyogenic empyema has been enhanced greatly 
by the use of penicillin,?” and is aided by adequate ascorbie acid therapy.” 
Empyema of the pleural cavity is practically eliminated by the use of sodium 
tetradecyl sulfate in azochloramid” and sulfanilamide.*” Serous pleural effu- 
sions apparently are lessened by the instillation of sodium tetradecyl sulfate 
in the pleural cavity. By taking advantage of these factors, it would appear 
that open pneumonolysis could be a safe, dependable procedure in properly 
selected cases where closed pneumonolysis fails to produce an adequate 
pneumothorax. 

Rigid indications and contraindications for open pneumonolysis were 
adopted in an endeavor to keep the operation free of morbidity and mortality. 
The following indications have been used: The patient, of course, must be a 
suitable candidate for pneumothorax. Thoracoscopy must be carried out be- 
fore a decision is made. If possible, a closed release of the adhesions will 
be effected. If closed release cannot be done or if the adhesions are re- 
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leased incompletely, the remaining adhesions are studied with open pneu- 
monolysis in mind. The patient is acceptable for open pneumonolysis if the 
adhesions are not too extensive and numerous, if the area of lung adherent 
to the parietal or mediastinal pleura is not greater than the surface area of 
the operator’s palm, and if there is no evidence of pleural exudate, tubercles, 
or pleuritis. The patient’s physical condition must be good enough to warrant 
the operation. Open pneumonolysis is contraindicated if the conditions are 
contrary to those enumerated; namely, extensive adhesions, large areas of 
lung adherence, pleuritis, pleural tubercles, pleural exudate, or if the patient 
obviously could not withstand operation. True pleural effusions will contra- 
_ indicate open operation but small transient effusions will not. 

When open operation is decided upon, the patient is given ample amounts 
of vitamins, especially daily doses of 500 mg. of ascorbic acid. Sulfadiazine 
is administered twenty-four to forty-eight hours preceding operation. The 
patient is matched for blood. Usually 500 ¢.c. of blood are sufficient, given 
at the time of operation. Local anesthesia combining a paravertebral nerve 
block and local infiltration of procaine was used for the first six operations. 
In the later operations an intratracheal inhalation anesthesia, usually ether, 
was used. The patient is placed in the supine position and an anterior incision 
through the third interspace is made. The breast is cireumscribed and lifted 
superiorly. It is unnecessary. to resect a rib. Adjacent ribs or costal car- 
tilages are cut only if the absence of tissue resilience makes it necessary. The 
adhesions or areas of lung adherence to the parietal pleura are released in 
the extra endothoracie fascial plane. Hemostasis is obtained by immediate 
ligatures of silk. When the lung is freed completely from the chest wall and 
hemostasis is complete, 500 ¢.c. of sodium tetradecy] : Ifate 1:500, in azo- 
chloramid, 1:3,300, together with 5 Gm. of sulfanilamide are placed in the 
pleural cavity. The third and fourth ribs are held together with one braided 
silk suture passed through the ribs and not around them. No attempt is made 
to close the pleura or intercostal space. The muscles are closed in layers with 
interrupted sutures. The subcutaneous tissue and skin likewise are closed 
with interrupted sutures. Silk is used throughout as the suture material. 
Before a dressing is applied, air is introduced into the pleural space by means 
of a syringe and needle. 

After returning to his room the patient is given penicillin, 30,000 units 
every three hours. All sulfonamide drug medication is discontinued. The 
patient is given carbon dioxide inhalations every three hours and is turned 
frequently. An oxygen tent is used for the first twenty-four hours. Adequate 
vitamins are administered. Refills of air are given as necessary. The pneumo- 
thorax is maintained under fluoroscopic or radiographic control. Adrenalin 
in oil is given, if necessary, to relieve bronchiolar spasm. Aspiration of the 
intrapleural fluid is done when needed. The patient usually is discharged 
from the surgical ward in about ten to fourteen days. 

From April 17, 1948, to April 5, 1946, a total of 171 patients were sub- 
jected to thoracoscopy. Closed pneumonolysis completely freed the lung from 
the mediastinal and parietal pleural in eighty, or 46.7 per cent. In forty-five 
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patients, or 26.3 per cent, the freeing of the lung was incomplete, but it was 
thought at the time of operation to be sufficient to render adequate collapse 
of the lung. In this group, fifteen patients were recommended for open pneu- 
monolysis if the collapse was found to be inadequate. Open pneumonolysis 
was done on only two of these. In nine, or 4.2 per cent, the lung was freed 
incompletely, and at the time of closed pneumonolysis it was thought that the 
collapse of the lung would be inadequate to control the disease. Of these nine, 
five were recommended for open pneumonolysis if the collapse proved inade- 
quate, but only two were subjected to open operation. Thoracoscopy alone 
was done on thirty-seven, or 21.6 per cent of the original 171 patients. In this 
group eleven patients, or 29.8 per cent, were recommended for open pneu- 
monolysis and each patient was subjected to the open operation. Since each 
patient in this group that was recommended for open pneumonolysis actually 
underwent the operation, there are no patients who can justly be considered 
as controls for the comparison of end results. In the group that had inecom- 
plete release of adhesions, there are so many variable factors that it is useless 
to compare the end results between those who had the open operation and 
those who did not. Many of the patients who had incomplete release of the 
adhesions by the closed method subsequently were found to have adequate 
pulmonary collapse. 

Of 171 patients subjected to thoracoscopy, thirty-one were recommended 
as candidates for open pneumonolysis and fifteen of these had the operation. 
Of the thirty-one recommended for possible open pneumonolysis, twenty had 
adhesions partially released by the closed method. Only four of the twenty 
had the open operation. It is impossible to determine how many should 
actually have been subjected to the open operation. A late tuberculous 
empyema or a spread of disease to the contralateral lung might have been 
averted by completely freeing the lung. Of the thirty-one patients who had 
thoracoscopy, only eleven were recommended for open operation, and all of 
these were subjected to the open pneumonolysis. It is impossible to sum- 
marize end results on the fifteen who had open pneumonolysis, since the cases 
are so few and the time element so variable. The details of each case are 
given in Table I. The operation was successful in every instance. In all 
patients, with one possible exception, the disease has been controlled in the 
lung on the side subjected to open pneumonolysis. No morbidity, no wound 
infection, and no empyema occurred after the open operation. In the first 
few operative months spread of the disease did not occur in any patient in 
either the ipsilateral or contralateral lung, and no patient was made worse 
by the open pneumonolysis operation. Three patients now have a poor prog- 
nosis because of contralateral disease. Three others have been converted to 
an oleothorax because of obliterative pleuritis. Two patients have persistent 
fluid and in each the fluid, when cultured, revealed tubercle bacilli. One pa- 
tient, who developed an obliterative pleuritis and was converted to an oleo- 
thorax for this reason, had a sputum that was negative on culture seven months 
postoperatively. He died twenty-one months after the operation. The cir- 
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cumstances of his death are unknown, but the cause of death is listed as pul- 
monary tuberculosis on the death certificate. 

Perhaps the indications for open pneumonolysis have been held entirely 
too rigid. Where thoracoscopy alone was done only 29.8 per cent were recom- 
mended for open operation. It is possible that more should have been ree- 
ommended. Hoppe‘ in 1937 subjected to open pneumonolysis only 7 out of 
220 patients who had closed release of adhesions or examination alone. How- 
ever, the rigid indications undoubtedly account for the absence of postopera- 
tive morbidity and mortality and also for the good end results. If indications 
are to be relaxed at all it seems that one might accept more complicated adhe- 
sions and larger areas of adherence of lung to the chest wall for operation. 
It does not seem feasible that one-half the pleural surface can be denuded 
without complications. In such cases thoracoplasty surely would be indicated 
rather than open pneumonolysis. 

Since the experience with early thoracoscopic examinations and the re- 
lease of adhesions had been not only satisfactory but highly desirable,** the 
open pneumonolysis was often accomplished within two weeks of the date 
that pneumothorax was initiated. This reduced pleural effusions and pleuritis 
as factors in refusing the open operation. When the patient is operated upon 
early after the initiation of pneumothorax, dense fibrous adhesions are not 
encountered and, of course, the pleura is delicate. The patient can thus be 
admitted to a general hospital, pneumothorax initiated, and thoracoscopy 
accomplished. If needed, an open operation can be performed and the patient 
discharged from the hospital in from three to four weeks with an adequately 
controlled pneumothorax. 

At one time it was thought advisable to be prepared to follow immedi- 
ately with an open pneumonolysis if the closed method failed. This was dis- 
continued since it frequently meant unnecessary preparation of the patient 
and useless preparation in the operating room. Such procedure often fright- 
ened the patient when a simple closed pneumonolysis was entirely sufficient 
or when open pneumonolysis was found to be contraindicated after thoracos- 
copy. When necessary, open operation now follows thoracoscopy in a few days. 

From close observation it appears that patients tolerate the administra- 
tion of general anesthesia better than the local anesthesia. However, there is 
less difficulty with re-expansion under local anesthesia since the patient 
struggles on recovery from general anesthesia. The struggle that accompanies 
the excitement in recovery from anesthesia increases the intrapleural pressure 
and thus favors expansion of the lung. 

The supine position with an anterior incision is used because there is less 
chance of aspirating bronchial secretions into the other lung. If the patient 
is in the lateral position, the weight of the lung and mediastinal structures 
eause a shift of these structures into the inferior pleural cavity. Obviously, 
this is the result of the weight of the structures and the effect of gravity. 
The same mechanical situation does not occur in the supine position and ac- 
cordingly the mediastinum does not shift so readily. The supine position is 
better tolerated by the patient than is the lateral. 
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TasLe I, RESULTS IN FIFTEEN PATIENTS WITH OPEN PNEUMONOLYSIS 
MONTHS OBLITER- CONTRA- 
AFTER INTRA- ATIVE LATERAL 
OPERA- GASTRIC PLEURAL PLEU- | OLEO- LUNG | PNEUMO- | PROG- 
NAME! TION SPUTUM CONTENT FLUID RITIS |THORAX|DISEASE* | THORAX | NOSIS 
37 Negative con- Notdone No Yes Yes No No, oleo- Good 
centrate thorax 
J.8. 21 Negative cul- Not done No Ves Yes Yes No,oleo- Died 
ture 7 mo. thorax 
after opera- 
tion 
E. H. 35 ? Negative Yes, cul- No No No Yes, effee- Good 
smear ture posi- tive : 
tive 
C.R. 34 Negative di- Not done No No No No Yes, effec- Good 
rect smear tive 
LL. 25 g Negative Yes,bilat- Yes Yes Yes, Yes,con- Good 
culture eral posi- but tralater- 
and tive cul- ; con- al side 
guinea ture, op- trolled 
pig erated 
side 
Via. 25 Positive smear Notdone Empyema, No No Yes, No, aban- Hope- 
contra- ac- doned be- less 
lateral tive cause of 
side contralat- 
eral lung 
disease 
Ee. 23 ? Notdone No No No Yes Yes, effec- Poor 
tive 
ED; 19 Negativecon- Notdone No No No No Yes, effec- Good 
centrate tive 
M.M. 17  #No sputum Notdone No No No No Yes, effec- Good 
; tive 
G. B. 13 No sputum Notdone No No No No Yes, effee- Good 
tive 
L. L. 10 ? Positive No No No Yes, Yes, effec- Poor 
smear active tive 
J.D. 7 ? Negative No Ques- No No Yes, effee- Good 
smear tion- tive 
able 
a8; 6 ? Negative No No No No Yes, effec- Good 
smear tive 
R.M. 3 Negative smear Notdone No No No No Yes, effec- Good 
tive 
W. U. 2 Not done Notdone No No No No Yes, effec- Good 
tive 


*There was no contralateral spread or activation of disease caused by operation. 


The third interspace is selected for the incision. It gives the best expo- 
sure. One is sometimes tempted to use the second or fourth interspace, but 
if this course is followed the exposure is jeopardized. If the exposure is not 
adequate the adjacent costal cartilage may be divided. A division of the 
third costal cartilage allows more exposure in the apex, whereas division of 
the fourth costal cartilage permits greater exposure inferiorly. The breast is 
elevated superiorly. The skin, breast, fat, and pectoralis major muscle are 
raised as a single flap. This places the muscle incision inferior to the incision 
through the interspace. 

The lung is always handled with great care in order to eliminate trauma. 
The adhesions are released in the endothoracie fascial plane, as pointed out 
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by Eloesser’® and Carter.4* This step prevents injury to the lung. Much 
attention is given to hemostasis. All bleeding points are controlled by suture 
ligatures of silk. The galvanocautery or electrosurgical methods are not used 
because hemorrhage control is not dependable and the extent of tissue dam- 
age is greater than by sharp dissection and suture ligatures. It has never been 
necessary to ligate the lung side of an adhesion. 

No attempt is made to close the pleura or the intercostal space. Re- 
expansion has not been a problem since patients with endobronchial disease 
which produces a check valve mechanism are not suitable candidates for 
pneumothorax and therefore open pneumonolysis is not needed. Bronchiolar 
spasms can be relieved by the use of adrenalin in oil. 

In this small series, as in all other series where pulmonary tuberculosis 
is treated, disease in the contralateral lung reduces the chances for favorable 
end results. It appears that obliterative pleuritis will occur rather frequently 
after open pneumonolysis. Some of the patients recently subjected to opera- 
tion are likely to develop this complication. It is possible that the judicious 
use of oleothorax will control the obliterative pleuritis. 


CONCLUSIONS 


1. Open pneumonolysis is an adjunct to closed pneumonolysis and pneumo- 
thorax. 

2. Open pneumonolysis can be accomplished with a low morbidity and 
mortality rate if strict adherence to the proper indications is observed. 

3. There is a definite need for open pneumonolysis in the treatment of a 
small group of properly selected patients with pulmonary tuberculosis. 
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THE INITIAL SURGERY OF THORACOABDOMINAL WAR INJURIES 


Reeve H. Berts, M.D. 
BROOKLINE, Mass. 


HE term, ‘‘thoracoabdominal wound”’ denotes injury to the thorax and ab- 

domen by the same missile. Such a wound necessitates actual penetration 
through the diaphragm or transmission of sufficient force to produce injury in 
the other serous cavity. The vast majority of thoracoabdominal war injuries 
are due to a missile actually traversing the diaphragm. Casualties with separ- 
ate wounds of the abdomen and thorax present a different problem and these 
are better termed ‘‘combined thoracic and abdominal injuries.’’ This discus- 
sion is limited to true thoracoabdominal wounds. 


DIAGNOSIS 


A working diagnosis is readily apparent in the majority of war wounds, 
including thoracoabdominal injuries. A thorough inspection of all surfaces of 
the thorax and abdomen, both anteriorly and posteriorly, for wounds of en- 
trance or exit, plus the usual physical examination and roentgenologice pro- 
cedures, is sufficient in most cases. A complete preoperative diagnosis is de- 
sirable, but the one point of utmost importance is the determining beyond rea- 
sonable doubt of the presence or absence of a thoracoabdominal wound. If 
such an injury is deemed to be possible from the inspection of the wound, physi- 
cal examination, and a study of the roentgenograms, exploration must be done. 

Thoracic wounds frequently give rise to pain and spasm of the upper ab- 
domen and such findings are, therefore, not reliable indications of abdominal 
injury. Differential diagnosis in these cases by paravertebral procaine inter- 
costal block is time consuming and often inconclusive. Thoracoabdominal 
wounds with the abdominal injury limited to the liver, spleen, or kidney may 
present a paucity of abnormal abdominal findings. Absence of peristalsis is 
indicative of bowel injury. However, we have noted peristalsis even in the 
presence of colonic injury sufficiently often to vitiate its being considered as 
pathognomonic. Reliance should be placed mainly on inspection of the wound, 
or wounds, and the projection of the suspected course of the missile from the 
position of the wounds, if perforating in type, or from the wound of entrance 
and position of the foreign body by roentgenography in the penetrating type 
of injury. 

The pleura can be assumed, with reasonable accuracy, to follow the outline 
of the periphery of the ribs and costal cartilages. For tentative diagnostic 
purposes, the thickness of the diaphragm can be dispensed with and the peri- 
toneum assumed to be in contact with the diaphragmatic pleural surfaces. If 
the diaphragm were immobile and formed a perfectly horizontal partition, 


at the Twenty-sixth Annual Meeting of The American Association for Thoracic 


Read 
Surgery, Detroit, Mich., May 29, 30, and 31, 1946. 
349 


# 

| 


350 THE JOURNAL OF THORACIC SURGERY 


diagnosis would be much easier. The variables, due to its configuration and 
the distance through which it moves, increase tremendously its susceptibility to 
injury. As can be seen in the diagram (Fig. 1), any missile passing through 
the area from the level of the twelfth rib posteriorly to the level of the fourth 
rib anteriorly (on expiration) may or may not have entered both the pleural 
and peritoneal cavities. A large number of soldiers are wounded while ‘lying 
prone, and the increased abdominal pressure further. raises the upper limit of 
the diaphragm. 


Exp. 


Insp. ISS 


Fig. 1—A diagrammatic illustration of the comparatively large area of diaphragmatic expos- 
ure to wounding, showing maximum diaphragmatic resp.ratory excursion. 


Perforating Wounds.—Perforating wounds, by which we mean those caused 
by missiles that have both entered and left the body, leave no retained foreign 
bodies, so the diagnosis must be established on the basis of the physical findings 
and the projected course of the missile as determined by the wounds of en- 
trance and exit, plus the knowledge of the position the patient was in when 
injured. The diagnosis in patients with one wound in the thorax and one in 
the abdomen is obvious. If both wounds are in the abdomen, there is little 
possibility of diaphragmatic injury unless the costal cage is involved. If both 
wounds are thoracic, and one is below the level of the fourth rib anteriorly, a 
thoracoabdominal injury may be present. The various possibilities that exist 
are shown diagrammatically in Fig. 2. 


Penetrating Wounds.—The wound of entrance in a penetrating injury may 
be very deceptive as to the course or direction of the foreign body. This in- 
formation must be correlated with the position of the missile as seen in two 
planes roentgenographically. The course of the missile can thus be projected, 
and the possible abdominal organs that may have been injured suspected. 
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There are occasional cases with very bizarre missile courses due to the foreign 
body striking a bony structure tangentially, but these are greatly in the min- 
ority. Many such ‘‘bizarre’’ pathways are explained by determining the posi- 
tion the casualty was in when injured. 

As approximately 90 per cent of casualties with thoracoabdominal wounds 
show the path of the missile to be from chest to abdomen’ and only 10 per cent 
from abdomen to chest, the greatest difficulty is encountered, from a diagnostic 
standpoint, in determining the presence or absence of abdominal injury in a 
patient with a known thoracic wound. As stated previously, the diagnosis 
is often straightforward. Exploration must be done in those in whom ab- 
dominal injury is suspected if there is any reasonable doubt. The only ones 
that permit a different course are those with minor liver penetrations. If such 
a foreign body be only 2 or 3 mm. in diameter and can be shown to lie within 
the liver roentgenographically, certain of these lesions may be treated expect- 
antly. From personal knowledge, it appears that about 1 per cent of all 
thoracoabdominal war wounds fall in this category. If the foreign body is 
over 3 mm. in diameter it is best to determine surgically the exact damage that 
has been done. 


Fig. 2.—A schematic representation of the possibilities of diaphragmatic injury. Mis- 
siles entering the body at certain levels may or may not involve the diaphragm depending 
on the direction of the missile and the position the casualty was in when injured. 


It is apparent from the foregoing that most questionable thoracoabdom- 
inal injuries that demand exploration, but where no diaphragmatic pene- 
tration is found at operation, will have thoracic without abdominal involve- 
ment. In those cases, it is possible to rule out intra-abdominal lesions by 
thoracic exploration and, at the same time, carry out any indicated thoracic 
repair. Because of the difficulties of accurate diagnosis in lesions around the 
diaphragmatic sulci and the importance of treating surgically any patient with 
possible abdominal injury, many exploratory thoracotomies must and should be 
done. In a series of 2,267 penetrating and perforating injuries of the thorax, 
including 903 thoracoabdominal wounds treated by the Second Auxiliary 
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Surgical Group, it was found’ that thoracoabdominal injury, either suspected 
or proved, was the most frequent indication for thoracotomy in the forward 
area. In this group 122 thoracotomies were done for suspected thoracoab- 
dominal injury where no diaphragmatic lesion was discovered at operation. 
Thoracotomy for suspected thoracoabdominal injury, but none found, com- 
prised 28 per cent of all the thoracotomies done in the forward area by the 
group. 
PREOPERATIVE PREPARATION 

Resuscitative methods and proper preoperative care are of utmost im- 
portance to both the thoracic and abdominal casualty. If the wound is a 
thoracoabdominal one, certain concessions may have to be made that are not 
ideal from one or the other viewpoints. Thoracic physiology should be re- 
stored to as nearly normal as possible before operation, and the length of time 
this takes, within limits, is unimportant from the thoracic standpoint. Time 
is of great importance in cases with abdominal injury. It is, therefore, often 
necessary to treat the patient with a thoracoabdominal injury somewhat differ- 
ently than holds for either the straight thoracic or abdominal case. Replace- 
ment therapy with blood, plasma, and electrolytes can be used quite freely for 
abdominal cases, but there is some danger of overloading the already deranged 
eardiorespiratory system of the thoracic casualty. Indicated replacement 
therapy should be used, and it will be found to be indicated in practically 
every thoracoabdominal casualty. It is necessary, though, that the shock 
officer and surgeon be aware of the danger of giving too much too fast. In 
general, one tends to operate upon the thoracoabdominal or abdominal injury 
as soon as it is felt that the patient will tolerate the procedure, in order to 
minimize the chance of peritoneal contamination. In straight thoracic cases 
the patient may be given a short time to stabilize after shock is, for the most 
part, corrected. 

Two other factors need to be mentioned in regard to resuscitative measures 
for thoracoabdominal cases. The first is the influence of disturbed cardio- 
respiratory physiology on the production and prolongation of shock. The sec- 
ond is a similar influence due to severe peritoneal or pleural cavity contamina- 
tion. The main causes of a disturbed cardiorespiratory balance in the recently 
injured man are as follows: the presence of blood and/or air in the pleural 
cavity with diminution of the functioning pulmonary parenchyma; the pres- 
ence of large, pulmonary hematomas; the splinting effect of pain from an in- 
jured thoracic cage; and excessive blood or mucus in the tracheobronchial air- 
way. All of these factors have been amply discussed previously and need not 
be dwelled upon here except to emphasize their importance in thoracoabdominal 
injuries. Their correction by thoracentesis, intercostal nerve block, and 
tracheobronchial aspiration is indicated as for the patient with only a thoracic 
wound.” * 

In certain thoracoabdominal cases the patient will continue to exhibit a low 
blood pressure, rapid pulse, and the associated signs of shock even after correc- 
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tion of the thoracic physiology and adequate replacement therapy. Some of 
these have massive pleural or peritoneal contamination from an injured 
stomach or colon. In such instances, it may be necessary to proceed with sur- 
gery, as shutting off the leakage is the only way of improving their condition. 
It is the patients in this group who are the worst surgical risks and account for 
some of the operative deaths. It was always the policy to operate upon every 
patient, no matter how slight the hope of recovery. In only one instance in this 
series was operation not done because of the poor condition of the patient. 
This case has been reported in more detail elsewhere.‘ 

Shock therapy must be continued during and after operation. It is, there- 
fore, wise to insert a needle, or cannula, in the saphenous vein preoperatively, 
because it is not as likely to become dislodged by the necessary manipulations 
of the patient as if it were in a vein of the arm. 


A Levine tube for stomach decompression is best inserted soon after admis- 
sion as many patients have surprising degrees of gastric dilatation which, by 
elevating their diaphragm, further hampers adequate oxygenation. Also, the 
period of time since ingestion of food is not a good criterion of the amount of 
material in the stomach since a large residue is often present many hours after 
eating. This may be due to pylorospasm or lessened gastric motility from the 
nervous tension of battle. 

ANESTHESIA 


It is unnecessary to emphasize before this Association the importance of 
proper anesthesia by a skillful anesthetist. Endotracheal oxygen-ether by the 
closed method was our choice.® Periodic aspirations of material from the 
trachea and bronchi were essential. Positive pressure was useful to expand the 
lung periodically during operation and to encourage pulmonary expansion at 
the end of operation, especially if the thorax was closed without drainage. 


APPROACH 


In selecting the operative approach, prime consideration should be given to 
the expected intrathoracic and intra-abdominal damage. Many injuries can be 
repaired either abdominally or transdiaphragmatically through the thorax. 
Although each case must be decided upon individually, certain factors should 
be given consideration in arriving at that decision. There are distinct advan- 
tages to the thoracic approach for operations, that can be done from above. 
These can be enumerated, briefly, as follows: It facilitates repair of some 
upper abdominal organs, such as the spleen and upper portion of the stomach. 
Colostomies can be done, when indicated, through a muscle-splitting incision 
at a greater distance from the main incision than is possible through the ab- 
dominal exposure. Patients can be carried in a lighter plane of anesthesia, as 
abdominal relaxation is not necessary. The diaphragm can be more easily and 
satisfactorily repaired from above than from below. In patients with marked 
pleural contamination, the pleural cavity can be thoroughly washed out with 
saline solution to reduce the degree of infection. The postoperative course 
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is smoother following thoracotomy than it is after a celiotomy, since there is 
less pain and a lessened tendency for pulmonary complications to ensue. 


There are certain limiting factors to the transdiaphragmatic approach. 
Lesions of the terminal eighteen inches of the small bowel and the colon, except 
for the transverse, splenic flexure, and proximal descending portions, usually 
cannot be exposed adequately from above. For cases with minimal thoracic in- 
volvement, the abdominal approach prevents entering both the abdominal and 
the pleural cavities. It should be pointed out, however, that any except the 
smallest hole in the diaphragm constitutes a ‘‘sucking wound’’ of the thorax 
when the abdomen is open just as much as does a hole through the thoracic 
eage. Not infrequently, patients will develop pulmonary embarrassment from 
the aspiration of air through the hole in the diaphragm while abdominal repair 
is being completed. If this condition is permitted to continue and is un- 
recognized, serious results may follow. Also, bowel or stomach contents in the 
peritoneal space may be aspirated into the pleural cavity. Diaphragmatic 
repair should be the first step when using the abdominal approach instead of 
being relegated to the conclusion of the operative procedure. 

‘*Certain lesions are best done from above and certain others from below. 
Inasmuch as most abdominal damage will be found in the upper abdomen, it is 
advisable to do all questionable cases from above. Also, if it appears that there 
has been appreciable damage in the thorax, the lesion is best approached through 
the chest. Should such exploration reveal abdominal lesions that cannot be 
adequately exposed, one should have no hesitancy in doing both a thoracotomy 
and a celiotomy. If the thoracic physiology is restored by thoracotomy, the 
patient is in better condition to withstand a celiotomy. Some surgeons handle 
such a problem by extending the thoracic incision through the costal cartilages 
and on to the abdomen to gain the necessary exposure.’’** We prefer to do both 
a thoracotomy and a celiotomy as we feel it takes no longer and the stability of 
the costal eage is not disturbed. Of the 903 thoracoabdominal injuries treated 
by the Second Auxiliary Surgical Group, 448 had only a thoracotomy. Two 
hundred and forty-four others had a thoracotomy with celiotomy before or 
after, so that 692 of the 903 cases had a thoracotomy. Only 202 had celiotomy 
alone. One of the major contributions of the thoracic surgeons doing forward 
surgery was the diffusion of knowledge regarding the advantages of the thoracic 
approach and the handling of the thoracic phase of the problem during and 
after operation. 


SURGICAL MANAGEMENT 


A discussion of the surgical procedures for repair of the injured abdominal 
viscera is not necessary. The thoracic component of the patient with a thoraco- 
abdominal injury is managed in much the same fashion as if that were the 
only wound. The main difference is that, due to the use of the thoracic ap- 
proach, many thoracic lesions are treated by direct inspection at thoracotomy 
that would be treated by simple wound débridement and thoracentesis had 
thoracotomy not been indicated otherwise. 
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We believe that intrapulmonary metallic foreign bodies and bone frag- 
ments should be removed when easily accessible inasmuch as the thoracotomy 
had to be done. A prolonged search for small missiles seems unwarranted. 
Lung lacerations of over 4 to 5 em., and any that can be demonstrated to leak 
air, are repaired with interrupted sutures of cotton through the visceral 
pleura. We do not believe that a deeper layer is either satisfactory or neces- 
sary. 

One of the chief advantages of the thoracic approach is the opportunity 
it affords to remove all blood and to flush adequately the hemithorax with sa- 
line solution. The latter is extremely important if there has been any soiling 
by intestinal contents. Although the personal series is not large, there were no 
complicating empyemas as far as could be determined from the follow-up reports. 

We believe that closure of the thoracic wall is a very important part of 
the operation and always re-approximated the structures in layers with in- 
terrupted sutures of either cotton or silk. Catgut was employed to close the 
pleura. 

Whether or not drainage of the pleural space is instituted is not of great 
importance. The most important factor is securing complete, rapid lung ex- 
pansion. Because of the conditions present, including such factors as inability 
to give close supervision postoperatively during rush periods, we obtained bet- 
ter lung expansion in the patients in whom drainage was not done than in 
those in whom it was carried out. If drainage is not employed, careful atten- 
tion must be paid to obtaining complete re-expansion at operation and to the 
use of thoracentesis as often as indicated during the postoperative period. 


RESULTS 

Due to existing conditions in a theater of operations, it is particularly 
difficult to obtain late follow-up studies. Although it is usually possible to 
get reports from the first hospital in the base to whieh the postoperative pa- 
tient is evacuated, later reports are very meager. Results reported here are, 
therefore, based on the condition of the patient shortly after his arrival at the 
base hospital or even, in some instances, on his status when evacuated from the 
hospital in which the initial surgery was carried out. Reports from base hos- 
pitals have shown that, as a group, these patients did well, and a late follow-up 
would probably not materially alter the earlier results in so far as mortality 
rates alone are concerned. 

It is not necessary to discuss certain elements that are of great importance 
in determining the lethality of war injuries, such as the time interval from 
injury to operation, the severity of concomitant wounds, the physical status 
of the casualty at the time of wounding, and conditions of the weather and 
terrain. The importance of these factors and their effect on the outeome are 
well recognized. 

Five of the forty-eight patients* in the here-reported personal series were 
operated upon in forward evacuation hospitals. The other forty-three were 
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treated in field hospitals, usually set up in physical conjunction with the divi- 
sional clearing station ‘to care for first-priority, nontransportable casualties.” * 
It is realized that this personal series is too small to permit statistical analysis, 
but we do believe they are of some significance as they correlate quite closely 
with the 903* thoracoabdominal injuries treated by all the surgical teams of 
our auxiliary surgical group. Results in this rather large series of thoraco- 
abdominal injuries are being presented not only because the figures are of 
more value than the smaller personal series, but because this material should 
be made more readily available than the unpublished material in the office 
of the Surgeon General. Probably it will be published later in the reports 
from that Office. 

The severity of the wound has the greatest influence on the mortality rate. 
This can be demonstrated by the degree of shock exhibited by the patient. 
preoperatively, by the side of injury, by the number of abdominal organs dam- 
aged, or by the number of patients succumbing to what is termed ‘‘ post-trauma- 
tie uremia.’’ This latter term has been applied to a clinical state of greatly 
diminished urinary output, rising blood pressure determinations and blood 
nitrogen products, terminating in coma and death. It was usually seen in the 
severely wounded who had been in profound shock for long periods. Much 
investigative work was carried out on this problem by a special commission in 
the Mediterranean Theater of Operations. It is hoped that their findings will 
soon be reported. 

Of the 247 fatal cases in the total series operated upon by our group, 
122, or 49.4 per cent, died of what was called shock (Table I). Ninety- 
nine of these deaths occurred by the end of the first postoperative day. 
Probably in those deaths occurring later than the first postoperative day, but 
ascribed to shock, some additional factors may have been operative. Twenty- 
three other patients succumbed while exhibiting the signs and symptoms of 
post-traumatic uremia. In our personal cases, only one death was classified as 
shock and that in a patient who died before completion of the operation. On 
the other hand, six of our eleven deaths were due to ‘‘post-traumatic uremia,”’ 
which is another reflexion of the severity of the wounding. 

In Tables II and III are shown the influence of the side of injury and the 
rumber of abdominal organs damaged on the mortality rate. In the total 
group, 435 were on the right and 448 on the left; 20 were bilateral. Our own 
TABLE I. CORRELATION BETWEEN DEGREE OF SHOCK ON ADMISSION AND MorrTaity RATE 


ror ALL OF THE PATIENTS WITH THORACOABDOMINAL INJURIES OPERATED UPON 
By ALL OF THE TEAMS OF THE SECOND AUXILIARY SURGICAL GROUP 


MORTALITY IN 


DEGREE OF SHOCK CASES FATAL CASES PER CENT 
No shock 145 8 5.5 
Mild 76 10 13.2 
Moderate 174 31 17.8 
Severe 275 164 59.6 
Not recorded 233 34 14.6 
Total “ 903 247 27.3 


*This number includes the forty-eight cases in our personal series. 
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TABLE II. SDE or INJURY 


MORTALITY IN 


SIDE CASES DEATHS PER CENT 

A. 903 Cases 

Right 435 103 23.5 

Left 448 136 30.3 

Bilateral 20 8 40.0 
B. 48 Cases 

Right 20 3 15.0 

Left 26 8 30.8 

Bilateral 2 0 0.0 


The difference between right- and left-sided injuries in the total group (A) and the 
personal series (B) is apparent. In right-sided cases the liver was frequently the only 
abdominal organ damaged. 


series was composed of 20 on the right, 26 on the left, and 2 bilateral. The 
mortality rates for the larger group were 23.5 per cent for the right-sided cases, © 
30.3 per cent for left-sided cases, and 40 per cent for the bilateral, with a 27.3 
per cent over-all rate. The corresponding figures for the personal series were 
15.0 per cent, 30.8 per cent, and 0.0 per cent, respectively, with a 22.9 per cent 
over-all rate. The effect of multiple-organ injury is better demonstrated in 
the larger series than in our own because of the small number of cases in the 
latter group. As will be seen in Table III, the mortality for those with only 
one abdominal organ injured was 14.4 per cent, but this rate increased to 29.2 
per cent for two organs, and 58.7 per cent for three or more organs. The 
corresponding figures for our own series were 8.3 per cent for one organ, 37.5 
per cent for two organs, and 40 per cent for three or more organs. 

Table IV is included to show the mortality for the different operative 
approaches. However, it is not believed to be of much clinical significance, as 
the operative approach is influenced by the location of the wound, or wounds. 
Consequently, more patients with multiple abdominal-organ involvement were 
treated by the abdominal approach with the necessarily increased mortality. 

The grouped causes of death listed in Table V are of interest. It demon- 
strates that more patients with thoracoabdominal injuries die of pulmonary 
complications than of abdominal difficulties. This seems to point out where 
effort can be expended most profitably to reduce the mortality. Table VI is 
not included in an attempt to demonstrate that thoracic surgeons are better 


TABLE III. NuMBER or ABDOMINAL ORGANS INJURED* 


NUMBER OF ABDOMINAL 


MORTALITY IN 


ORGANS INJURED CASES PER CENT 

A. 903 Cases 

1 451 14.4 

2 226 29.2 

3 and over 74 58.8 
B. 48 Cases 

1 24 8.3 

2 8 37.5 

3 and over 16 40.0 


*The mortality rate is proportional to the number of abdominal organs injured. This 
does not take into account the actual number of intestinal perforations. (Small intestine and 
colon each treated as a single organ.) 
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TABLE IV. OPERATIVE APPROACH* 


MORTALITY IN 


METHOD OF APPROACH CASES DEATHS PER CENT 
A. 903 Cases 
Thoracotomy only 448 91 20.3 
Celiotomy only 202 77 38.1 
Thoracotomy then 

Celiotomy 164 44 26.7 
Celiotomy then 

thoracotomy 74 26 35.1 
Combined incision 

across costal arch 6 2 33.3 
Nonoperated 3 1 33.3 
Died before Surgery 

completed 6 6 100.0 

Total 903 247 27.3 
B. 48 Cases 

Thoracotomy only 30 6 20.0 

Celiotomy only 5 2 40.0 
Thoracotomy then 

Celiotomy 11 2 18.2 
Extrapleural il 0 0.0 
Died before surgery 

completed 1 1 100.0 

Total 48 ll 22.9 


*The method of approach for the total group (A) and personal series (B). The impor- 


TABLE V. GROUPED CAUSES OF DEATH* 


tant fact is the high percentage of cases having a thoracotomy either as the only procedure 
or followed by celiotomy. 


CAUSE | CASES | PER CENT OF DEATHS 
Total deaths 247 100.0 
Shock 122 49.3 
Intrathoracic causes 
Pneumonia 17 6.8 
Atelectasis 7 2.8 
Pulmonary embolus 10 4.0 
Empyema 5 2.0 
Miscellaneous 13 5.2 St 
Total intrathoracic causes 21.0 
Abdominal 
Peritonitis 20 8.0 
Liver 2 0.8 
Hemorrhage 4 1.6 
Overlooked intestinal perforations 2 0.8 
Peritonitis and pleuritis 2 0.8 
Total abdominal causes 30 12.1 
Post-traumatic uremia 23 9.3 
Miscellaneous 7 2.8 
Not recorded 13 5.2 


TABLE VI. 


*The grouped causes of death for the total series demonstrate the high incidence of 


Morvautity WITH REFERENCE TO GENERAL AND THORACIC SURGICAL TEAMS* 


death from shock which is a reflexion of the severity of wounding. It is interesting to note 
that more patients died of pulmonary than abdominal causes. 


G. 8. T. 8. | TOTAL 
Cases 729.0 174.0 903.0 
Deaths 213.0 34.0 247.0 
Mortality per cent 29.2 19.5 27.3 


*Mortality. percentages for thoracoabdomi. 
the General Surgical Teams 
Teams (T. S.), and the total for the entire group. 


-injuries in the series operated upon by 
G. S.), the series opipaten upon by the Thoracic Surgical 
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qualified to treat these cases, but because we belieye it probably was due to 
greater attention to the pulmonary factor and resulted in the lowered mor- 
tality rate. 


SUMMARY 


1. Correction of cardiorespiratory inbalance is the most important phase 
of preoperative preparation of casualties with thoracoabdominal injuries. 
Thoracentesis, intercostal nerve block, and maintenan¢e of a free airway are 
the three essentials of so doing. 

2. The diagnosis of thoracoabdominal injury is often difficult if the wound 
is in the region of the diaphragmatic sulci. Exploration should be done in 
any case about which there is reasonable suspicion of peritoneal as well as 
pleural involvement. 

3. The mortality rate in thoracoabdominal injuries is directly proportional — 
to the severity of the wound. The rate increases progressively as the number 
of abdominal organs injured rises. Likewise, right-sided injuries do better 
than left-sided ones, since in the former the liver is frequently the only ab- 
dominal organ involved. In the series of 903. thoracoabdominal injuries 
treated by the surgical teams of the Second Auxiliary Surgical Group, the 
over-all mortality was 27.3 per cent. For the severely wounded thoraco- 
abdominal casualty surviving the first postoperative day, the syndrome of 
‘‘post-traumatie uremia’’ is his greatest hazard. In a personal series of forty- 
eight cases, with eleven deaths, six of the fatalities were due to this syndrome. 

4. It has been demonstrated that more patients with thoracoabdominal 
wounds die of pulmonary complications than suceymb to complications within 
the peritoneal cavity. This indicates that reducing the incidence of pulmonary 
complications in the immediate postoperative period by eareful attention to 
securing a completely expanded lung against an intact chest wall, and the 
maintenance of a free airway, should result in a + lowering of the mortality rate 
for this group of casualties. 
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DISCUSSION 


COLONEL JAMES H. FORSEE, Denver, Colo.—The results obtained, as ‘aiea by 
Dr. Betts, in thoracoabdominal injuries represent q remarkable achievement. This type 
of injury represents what prior to World War II had a very high mortality rating. Ade- 
quate statistical data are not available relative to " ‘mortality rate of this type of injury 
prior to World War II. 
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In the history of the Medical Department of World War I, the mortality rate for 
abdominal injuries is recorded as approximately 66 per cent, and it is doubtful that thoraco- 
abdominal injuries had any lower mortality rate. The mortality rate of 22.9 per cent, as 
reported in the personal series by Dr. Betts, is an achievement which we all recognize as a 
highly commendable one. . 

This paper, however, represents the work and illustrates what can be accomplished by 
competently trained surgeons working in forward areas. This work represents a part of 
the work carried out by the surgical teams of an auxiliary surgical group functioning in 
the most forward hospitals during a period of thirty months of overseas service. It may 
be of interest to this organization to know the results accomplished by this group of 
surgeons. 

In 3,325 intra-abdominal injuries treated by members of this group, the mortality rate 
was approximately 25 per cent. 

As stated by Dr. Betts, the mortality rate in 903 thoracoabdominal injuries was 
approximately 27 per cent for the entire group. 

In an experience of approximately 1,500 severe intrapleural injuries, exclusive of intra- 
abdominal and thoracoabdominal injuries, the mortality rate was approximately 7 per cent. 

It is difficult to appreciate thoroughly, without firsthand experience, the difficulties 
inherent in the surgical care of such severely wounded battle casualties, and likewise to 
appreciate the hazards under which the people work who were charged with the responsibility 
for the care of these patients. 

This remarkably low mortality rate is a high tribute to medical education and the 
surgical residency system of training in this country. 

By that means we were provided with a capital stock of a very large number of com- 
petently trained surgeons who, using the adjuncts of anesthesiology, chemotherapy, and 
resuscitation measures, were able to achieve what heretofore had never been accomplished— 
the extremely low mortality rate in abdominal injuries and in thoracoabdominal injuries. It 
also permitted, for the first time in the history of military surgery, the concentration of 
emphasis on the care of severely wounded or nontransportable medical casualties. This had 
a tremendous effect upon the morale of the fighting troops in the front lines. They knew 
that if they suffered severe injuries they would have first priority in their surgical treat- 
ment. 

Several members of this Association actively participated in the care of these battle 
casualties in the forward areas. 

It was our good and great fortune to have, directing the surgical efforts of these 
teams in this organization, Dr. E. D. Churchill, Consulting Surgeon of the North African 
Theater of Operations, and later of the Mediterranean Theater. Through his direction this 
remarkably low mortality rate was achieved. 


DR. EVARTS A. GRAHAM, St. Louis, Mo.—Dr. Betts spoke about post-traumatic 
uremia in these cases. I wonder how many of these cases represent misfortunes due to 
blood transfusion. I would like very much if he would say something about that to us. 


DR. GEORGE G. FINNEY, Baltimore, Md.—I was one of the doctors on the Oki- 
nawa operation. I have been very much interested in Dr. Betts’ paper, because I tried to 
follow the thoracoabdominal cases as well as possible during the Okinawa campaign. 

Out of slightly more than 15,000 battle casualties that were taken care of in six field 
hospitals, because we did not have any evacuation hospitals available for the Okinawa opera- 
tion, we had 95 true thoracoabdominal cases with nineteen deaths. 

There were two things that made an impression on me in the care of these cases. 

In the first place, if adequate anesthesia was available, and the surgeon had had rea- 
sonably good training, the mortality rate was relatively low. I think too often the im- 
portant part played by anesthesia is not realized and proper credit is not given to the good 
anesthetist who understands his problem and thereby saves lives. 
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Second, the proper use of supporting therapy cannot be overemphasized. I know that 
early in the operation we gave too much blood many times to patients with thoracic wounds, 
because in the autopsies that were done on cases where there had been injury to the thorax, 
or a thoracoabdominal wound, nearly 90 per cent of the autopsies had very marked pul- 
monary edema, and in relatively few cases was there very much hemorrhage in the thorax. 

I might say in reference to Dr. Graham’s remark, that during the Okinawa operation 
we gave 40,607 pints of whole Group O blood, without a single cross-matching. As far as 
I know, we had only two immediate reactions that were severe enough to indicate incom- 
patibility of the blood. We also had a small incidence of mild chillsp and at times some 
urticaria, neither of which was prominent. We did have a certain percentage of patients 
who died with uremia.. I am sorry I cannot give the figures; I hope they will bé available. 
Certainly that figure as a whole was quite low, at least so it impressed us. 

The only other thing I would like to say is that sometimes we in the Pacific felt that 
we were more or less stepchildren. In the Okinawa operation, even though the surgeon 
of the Tenth Army had sent in repeated requests, we did not have a single thoracic surgical 
team in the operation. As a matter of fact, we had only three other men that I could find 
beside myse’f, who had had any particular training in thoracic surgery. 

That, of course, was an unfortunate thing, particularly when it is realized that there 
were 31,400 battle casualties among ground forces in that operation. 

I am not saying that in any spirit of criticism, but it is something we ought to think 
about. We hope there will be no future need for it, but the proper use of specialists, when 
they are available, is something that merits due consideration from those in authority. 


COLONEL FRANK B. BERRY, New York, N. Y.—I had the privilege of being asso- 
ciated with the Second Auxiliary Surgical Group, first as the Chief Surgeon of an Evacua- 
tion Hospital, and, second, as the Consulting Surgeon of an army. 

In going over the record of the Seventh Army, we analyzed 55,000 battle casualties. 
That does not include quite all the casualties, because there were about 5,000 more, but they 
are the ones upon which we had accurate statistics. 

Thoracoabdominal wounds comprised 0.8 per cent of that group. To show how they 
were distributed, in the field hospitals thoracoabdominal cases comprised 5.3 per cent of 
the admissions, and in the evacuation hospitals 0.4 per cent. The evacuation hospitals were 
located at times within one-quarter mile of the field hospitals. At other times they might be 
five to ten or, in the later days of the campaign, when the final pursuit was on, twenty-five 
or thirty miles to the rear. 

Our total mortality for this group of patients was 21.7 per cent: the field hospital 
mortality was 26.5 per cent, and the evacuation hospital mortality, naturally lower, 15.2 
per cent. 

In regard to the mismatchings on the blood transfusions that Dr. Graham spoke of, if 
Dr. Churchill is here, he can tell more about the Mediterranean Theater than I can. Our 
resuscitation and blood transfusion therapy followed the directives of Dr. Churchill. It was 
probably, without question, the best system of blood collection and transfusion that was 
planned for the entire United States Army. In the initial stages, and as long as blood was 
supplied within the theater, we had only low titer ‘‘O’’ blood, which is an important aaa 
tinction from just ‘‘O’’ type of blood, which includes also the high titer. 

With the rare exception of times when patients were in such severe degree of shock 
that they needed blood immediately, cross-matching was done for all patients, both in the 
field and in the evacuation hospitals. Cross-matching in the field hospitals continued with 
each succeeding transfusion after the initial transfusion. 

I know that the blood, before it was taken, was all grouped and again tested from 
the bottles before they were sent out. In all cases, therefore, there was a double check 
and in some cases a triple check before the blood was given. 

The only trouble we had with the blood was with a small amount furnished us from a 
collecting station near Paris, and some of the Red Cross blood coming to us from the States, 
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which had not been refrigerated at first and which came to us ‘in large amounts. This was 


also given in some instances without proper cross-matching. 

I agree with the work of Van Slyke, Richards, Homer Smith, and Evans that the kid- 
ney. is one of the more sensitive organs and responds very quickly to anoxia brought about 
by shock, and that a great majority of the cases of anuria were due rather to the aad 
and a very small percentage to transfusions. 


DR. MARK H. WILLIAMS, Binghamton, N. Y.—Dr. Betts has made a valuable con- 
tribution to this subject. I would like to say a few words about an | with an- 
other Surgical Group in a different Army in the same theater. 

(Slide.) Here are thirty-three thoracoabdominal wounds. It will be noted that the 
right-sided cases outnumber the left by about two to one. In one there was a tangential 
wound; the missile entered the abdomen on the left, crossed to the right, and penetrated 
the right leaf of the diaphragm. 

The operative approach is about equally devided between laparotomy and thoracotomy. 
Early we used a thoracotomy approach by preference for right-sided cases and later eame 
to prefer the same approach for the left-sided cases also. 

The mortality rate is low, largely due to the preponderance of right-sided cases and 
also because among these we had several which were comparatively minor injuries. You 
will note that better than one-half of the total mortality occurred in the left-sided cases 
which comprise approximately one-third of the entire group. 

One word about anuria. We had our largest number of cases of anuria during a period 
of cold weather. Of course it may have been a coincidence but many of us in the Third 
Auxiliary Surgical Group gained the impression that prolonged exposure to cold and delay 
in instituting blood replacement was an important factor. 


DR. EMILE HOLMAN, San Francisco, Calif——One episode may give us some infor- 
mation about the anuria. A patient who died thirty-six hours after operation and had ade- 
quate studies made, showed a hemoglobinuria in the few ounces of urine passed after the 
operation, and at autopsy the kidney tubules were found to be filled with hemoglobin 
casts. It was an obstructive phenomenon in the kidney rather than injury to the kidney 
itself. The hemoglobinuria and the hemoglobin casts were considered to be due to hemol- 
ysis of the transfused blood. 


DR. ROBERT R. SHAW, Dallas, Texas.—Just a word about the late complications 
of these wounds. In working in a chest center in Paris, where I had the opportunity to 
see these patients roughly ten days to twenty days following the initial wounding and 
initial surgery, I saw forty-four patients who had complications following surgery for 
thoracoabdominal wounds. These complications were uniformly light suppurative. 

As Dr. Betts has indicated, the mortality of the wound on the left side is higher than 
However, the complications are much more prevalent on the right than 


that on the right. 


on the left. 
In the group of forty-four cases there were thirty-eight right-sided cases and only 


six left-sided cases. The higher mortality was due primarily to faulty handling of drainage 
from the damaged liver, which is a point that I think should be brought out. Where no 
drainage was instituted, or where only a very small stab wound was used subcostally to drain 
the damaged liver, these patients almost invariably excreted bile beneath the diaphragm 
which would break down the diaphragmatic repair and cause bile pleuritis. This, although 
it was not a great mortality factor (there were only two deaths-in this group of forty-four) 
did constitute a large morbidity factor because it was sometimes very difficult to clear up 
this bile pleuritis. It almost invariably necessitated an open thoracotomy with decorti- 
cation and another repair of the diaphragm with a better drainage of the damaged liver 
from below. 

The left-sided complications were sometimes rather bizarre. In one case a soldier witli 
an unrecognized congenital diaphragmatic hernia was wounded through the chest, so that the 
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colon was perforated and he developed a very neat colostomy. Three days later feces were 
pouring out through a broken-down thoracotomy wound. His case was a complicated one 
that took considerable surgery, before he was finally restored to normal. 

Two cases had gastropleural fistulas, rather wide-open fistula, in which the repair of 
the stomach had broken down and also broken down the diaphragmatic repair. These were 
difficult, because the skin became badly excoriated from the irritating gastric secretions. 

The mortality rate of the complications was low. However, they were a rather sig- 
nificant group in the patients seen in the chest centers behind the lines. 


DR. A. L. LOCKWOOD, East Toronto, Ontario.—May I ask Dr. Betts just two ques- 
tions? Could he give us any idea of the percentage of these wounds that were shrapnel 


rifle bullet or machine gun, and whether or not the use of sulfonamide drugs had anything 
to do with uremia? 


DR. EDWARD D. CHURCHILL, Boston, Mass.—I wish to comment on the deaths 
in battle casualties accompanied or caused by renal failure. Dr. Graham has asked a very 
pertinent question, which we asked ourselves many, many times. Just how often was blood 
transfusion responsible? 

The story of transfusion in an overseas theater is a simple one. We found ourselves 
in North Africa fighting the war with plasma, and no facilities beyond Erlenmeyer flasks 
and sodium citrate for transfusion. 

The surgeons working in the forward area were up against it. Their personal diaries, 
some of which I have had the privilege of reviewing recently, repeat and repeat the desper- 
ate need of whole blood. Stories are recorded in these diaries of the surgeons themselves, 
after operating upon a patient, giving their own blood to pull their patients through. Now, 
that obviously could not go on. We had to have blood. This was in 1943. At that time we 
were isolated in the center of the Mediterranean. There was no possibility of obtaining 
whole blood from the United States, so we proceeded to plan our own blood bank system. 

We did that in two phases, as it was necessary to wait for refrigeration equipment to 
be shipped. It sounds simple, but it takes at least six months to get supplies from the 
United States into distribution in an overseas theater. 

For a while the evacuation hospitals organized their own banks, securing donors from 
nearby service organizations or the lightly wounded. That left the field hospitals, with 
surgical teams, out of the picture as these light mobile units had neither the personnel nor 
the equipment to run blood banks. Also, their only source of donors could be combat 
troops. Yet they needed blood most desperately for the seriously wounded, including om 
cases as thoracoabdominal injuries. 

When supplies were received it was possible to organize a large blood bank and a 
distributing system ’that supplied the field hospitals completely, and, in addition, materially 
lightened the load of the evacuation hospitals. 

In early February, 1944, the blood bank in Naples started its work. More elaborate 
safeguards were imposed on the processing of the blood than are customary in civilian 
hospitals. A seven-day time limit was set on preserved blood. Sodium citrate and glucose 
were used as the preservative and special precautions were taken to keep the blood at 
the proper reduced temperature from the time of drawing to the moment of use. Under 
these conditions the blood was as perfectly preserved as with the ACD solution later 
proposed by the National Research Council. 

660”? blood was tested for its isoagglutinin titer and that with titer above 1:64 
was used only for ‘‘O’?-type recipients. Universal donor blood was therefore ‘‘O’’ type witli 
low isoagglutinin titer. 

Cross-matching was demanded as a further safeguard. I trust that you will take 
the remark of Dr. Finney as an indication of the urgency of the situation he was facing, 
because I am sure that he would be the last one to recommend that a large number of 
transfusions, or even a single transfusion, should be given without cross-matching. That 
we insisted upon. 
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To interpret the case of a patient with anuria, blood given in transfusion must be, like 
Caesar’s wife, completely above suspicion. It must be compatible both in type and isoagglu- 
tinin titer. It must be preserved by constant refrigeration. It must be collected and stored 
in a closed system to avoid contamination. In military operations frequent checks must 
be made on free hemoglobin content both at the bank, in the forward hospital, and by 
examination of recipient’s plasma after transfusion. 

It is our belief that we have observed a sufficient number of wounded with anuria 
to establish the condition as an entity not caused by transfusion. 

It is premature to speculate on the etiology of the anuria of the seriously wounded 
or assign this or that factor as the cause. It appears wise at this moment to refer to it 
as pigment nephropathy. Whether it is obstructive, as Dr. Holman says, is questionable. 
Probably there is more to it than simple obstruction of the tubules by pigment. Whether 
it is caused by the anoxia to which the kidney is exposed during a prolonged period of 
shock, as Dr. Berry suggested, based on the work of Van Slyke, is again open to question. 
The diffuse cortical necrosis of the kidney following experimental occlusion of a renal artery 
appears to differ microscopically from the condition under discussion. 

Material and data have been collected in the combat area and are still under study. 
Opinions should be reserved until facts based on observational data are available. 

In the meantime, I am perfectly aware, and I am sure Dr. Graham is aware, that 
misleading case histories are being reported in the literature. All one has to do is to 
read the evidence and say, ‘‘In this case they have not excluded the possibility of incom- 
patible blood transfusion or transfusion with poorly preserved blood.’’ There are many 
of these cases already recorded in the literature. 

It does seem quite clear that Bywater’s work on myoglobulin pigment, in so far 
as it pertains to the crush syndrome, is probably correct. In the other group, the men 
with extensive wounds without crush, we are not yet prepared to say that the pigment 
is entirely myoglobulin, or whether focal injury in the kidney resulting from shock is 
responsible for the pigment localizing in that particular portion of the tubule. 

More experimental study will probably be necessary before a solution is found. 


DR. REEVE H. BETTS, Boston, Mass.—I am in complete agreement with prac- 
tically everything that has been said, and many of the points would have been mentioned 
originally if time had permitted. I will answer only one or two specific questions. 

Dr. Churchill has covered more adequately than I can the question raised by Dr. 
Graham concerning the post-traumatic uremias. We were fortunate in the Mediterranean 
theater in having most of our pathology under the direction of Colonel Mallory, who made 
some careful observations in the field on these patients both before and after their fatal 
termination. 

Regarding Dr. Lockwood’s question, I cannot give the exact figures, but shrapnel 
or high-explosive shell fragments accounted for approximately 75 per cent of the injuries 
and bullets for only about 20 to 25 per cent. 

Sulfanilamide was used routinely in the treatment of all wounds in the forward 
areas early in the campaign. Late, after penicillin became available, the use of sulfa- 
nilamide was at the discretion of the surgeon. 

In regard to giving transfusions without cross-matching, Dr. Berry has already 
indicated our practice in this regard. If the patient was in severe shock and we believed 
added risk was entailed by waiting for a cross-matching before transfusion, one or some- 
times two transfusions were given while the laboratory was typing and cross-matching. 
In most instances, by the time 500 or 1,000 e.c. had been administered, cross-matched blood 
was available for any further needs of the patient. 
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ARTERIAL INJURIES OF THE THORAX 


Hersert D. Apams, M.D. 
Boston, Mass. 


N THE care of large numbers of major casualties among marine and naval 
personnel from the Gilberts, the Marshalls, the Marianas, Iwo Jima and 
Okinawa campaigns, many complicated and interesting types of injuries were 
encountered. Among the most serious injuries were those of the major arteries, 
the so-called false aneurysms and arteriovenous aneurysms, or a combination of 
both. Technically the surgical management of some of the more proximal 
arterial injuries was undoubtedly one of the most hazardous and difficult opera- 
tions in war surgery. Those in the extremities distal enough so that a tourniquet 
could be used and a direct dissection done in a bloodless field were relatively 
simple. Those injuries located in the groin, the abdomen, the neck, shoulder, and 
chest, however, required an entirely different approach and surgical management 
if the patients were to survive their operations. This was particularly true of the 
arterial injuries of the thorax, with its close anatomic relationships and difficulty 
of obiaining wide and easy exposure. 

Wounds of the thorax, whether due to fragments, bullets, bayonets, or knives, 
either major or minor, have the serious potentiality of an injury to one of the 
many arteries, both superficial and deeply located in the thorax. It is difficult 
to estimate the incidence of this type of injury since most of these wounds were 
undoubtedly immediately fatal. This is due to the fact that a tourniquet could 
not be used and, likewise, adequate pressure control was rarely instantly avail- 
able or possible. This type of injury, however, was certainly not always fatal 
because some of these patients reached base hospitals at considerable distances 
for definitive treatment. The hemorrhage was at least temporarily controlled by 
infiltration of the surrounding muscles and tissues, with a resulting pulsating 
hematoma or false aneurysm. 

The diagnosis was frequently missed because of the insignificance of the 
external wound and the lack of obvious extensive infiltration or hematoma, or 
visible or palpable pulsation. Many were not diagnosed until an episode of 
serious secondary hemorrhage occurred. It became absolutely essential that 
every wound in this region be examined specifically for evidence of arterial 
injury, especially by auscultation for the presence of a bruit. Because of the 
serious nature of the operation necessary to cure this type of injury, surgery 
should be withheld long enough to insure a reasonably certain diagnosis, ruling 
out bruits resulting from extrinsic infiltration and pressure on the artery, and 
also functional bruits. Operation should not be delayed long, however, in order 
to avoid serious secondary hemorrhages and pressure atrophy of nerves and 
muscles, with the associated great loss of function. 


From the Department of Surgery, the Lahey Clinic. 
Read (bv title) at the Twentv-sixth Annuol Meeting of The American emestathen for 
Thoracic Surgery, Detroit, Mich., May 29, 30, and 31, 1946. 
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MANAGEMENT AND TREATMENT OF SPECIFIC ARTERIES 


The Mammary and Intercostal Arteries.—Injuries of the mammary and 
intercostal arteries were of two general types, (1) false aneurysms with sub- 
pleural hematoma and infiltration, with delayed external secondary hemorrhage, 
and (2) those associated with a pleural laceration and continued intrapleural 
hemorrhage. This latter injury produced symptoms and signs of an increasing 
intrapleural pressure and mediastinal shift which progressed until death ensued 
in spite of oxygen and thoracentesis unless the chest wall artery was ligated. 
This is in direct contrast to hemothorax due to lung injury which was usually 
controlled by the pulmonary tamponade from the associated hemothorax. Mas- 
sive external secondary hemorrhage and signs of uncontrollable, progressive, 
intrapleural hemothorax demand immediate exploration of the wound and careful 
ligation of the mammary and intercostal arteries involved. This could not be 
done satisfactorily or effectively exeept by partial removal of the costal cartilages 
or ribs in this region. The operation is relatively simple and no patient should 
be allowed to die from this type of injury. 

The Axillary Artery—Sinee the axillary artery is superficial, there was 
usually a pulsating mass and the bruit was quite obvious both by palpation and 
auscultation. These wounds were usually associated with signs of nerve injury 
due either to direct injury of the axillary cords by the same missile as that which 
produced the arterial injury or to the associated infiltration and pressure of the 
hematoma. Even though the external wound was frequently very small, the 
danger of secondary hemorrhage was great in this type of wound and these 
patients should be operated upon at once. In order to do this type of operation 
safely, it is essential to have a fully equipped operating room, a trained anes- 
thetist, adequate assistants, and continuous transfusions throughout the proce- 
dure. It was found best to start the operation by tying cannulas in the ankle 
veins of both legs so that if one transfusion should plug up at a crucial time dur- 
ing the operation, the other would carry on satisfactorily, or if a very severe 
hemorrhage was encountered, both could be run in as rapidly as possible. 

The general principle of approach to this type of injury was to avoid enter- 
ing the false aneurysm at any point before the major artery and vein, both 
proximal and distal to the injury, and all significant branches entering into this 
section of the injured vessel were fully controlled. This was accomplished by a 
complete and accurate exposure of these vessels proximal and distal to the infil- 
trated area of the false aneurysm and control of the flow through these vessels 
by tension on small soft catheters placed around these vessels. The vessels were 
then further exposed until finally the false aneurysmal sac was entered and the 
actual injury to the artery visualized. Even with full control of the injured 
major artery-and vein both proximal and distal to this area and all major en- 
tering branches to this area, there was still a very rapid flow of blood from the 
injured area into the sac. The artery and vein were then ligated carefully, both 
distal and proximal to the injury, and the injured area was excised, carefully 
preserving for collateral circulation. all branches which did not immediately 
enter into the area to be excised. . 
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For the axillary injuries, the approach was through an incision from the 
middle third of the clavicle across the pectoral region to the axilla (Fig. 1). 
Usually the pectoral muscle was so infiltrated with hematoma and so indurated 
that simply splitting the fibers would not have given adequate exposure of the 
vessels proximal to the injury without inadvertently opening the false aneurysm, 
which would immediately prove fatal. Adequate exposure could be obtained 
only by sectioning the pectoralis major in its tendinous insertion on the humerus, 
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Fig. 1.—Exposure of the axillary aneurysm, and approach and control of the axillary vessels ; 
insert shows line of incision. 


and turning it back, giving a full exposure of the axillary contents. The artery 
and vein were then isolated carefully just below the clavicle and catheters passed 
around these structures for tourniquet action. These vessels were then likewise 
isolated distal to the false aneurysm, usually at the margin of the axilla, and 
catheters passed around the vessels at this point. The pectoralis minor was then 
sectioned and turned downward, giving a complete exposure of the axillary 
vessels. A gradual dissection and development of the vessels was then earried 
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out both from above and below, carefully isolating and preserving the axillary 
cords which are in close .contact with the vessels. Finally, the neck of the 
false aneurysmal sac was encountered and it was then necessary to open the 
sae and accept a certain amount of rather brisk hemorrhage while the remainder 
of the artery was isolated and the ligation carried out both distal and proximal 


to the laceration, and the injured area excised. 


In many instances the vein was involved and there was an arteriovenous 
aneurysm in addition to the false arterial aneurysm. In those cases it was abso- 
lutely essential that the vein be excised as well, but this is equally important 
in those eases in which the vein is not involved, since this procedure facilitates 
the circulatory adjustment following the ligation of the artery. No attempt 
was made at this operation to:suture lacerated or injured axillary nerve cords. 
The pecforalis major muscle tendon was then reunited with silk sutures and the 
wound closed, draining the wound with a small Penrose drain. 


Fig. 2.—False aneurysm in conjunction with arteriovenous aneurysm of the subclavian vessels; 
venogram showing block of the vein at the site of injury. 


The Subclavian Artery—Injury to the subclavian artery was quite similar 
in many ways and in diagnostic findings to the injuries of the axillary artery. 
Being more deeply seated, the external infiltration and hematoma were much 
less obvious and the diagnosis was made chiefly by the presence of a bruit. This 
was a rough bruit throughout systole or during the entire cardiac cycle if com- 
bined with an arteriovenous aneurysm. It was a common finding in both the 
axillary and subclavian arteries to have not only a false aneurysm but an 
arteriovenous aneurysm as well. This added complication of the arterial in- 
jury could often be diagnosed by an increase in the venous pressure in the arm 
involved, and the venograms were most characteristic (Fig. 2). 
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Functional bruits are fairly common in this region and must be distin- 
guished carefully. This can be done by examining the patient frequently over 
a period of time. A functional bruit will vary considerably from examination 
to examination and also in relation to the position of the patient and the posi- 
tion of the extremity. Likewise, simple compression from external pressure and 
infiltration about the artery may produce a bruit. It is, again, essential to dis- 
tinguish, if possible, between compression and the true lacerated vessel with a 
false sac, in which surgery is essential to effect a cure. If there was any question 
regarding the diagnosis of the type of bruit heard, that is, whether it was due 
to a false aneurysm or to a combination with an arteriovenous aneurysm, or 
whether it was due to external pressure or a functional bruit, it was usually 
safe to keep these patients in bed under observation, and as long as there were 
no signs or symptoms of further infiltration or cardiac damage, a careful period 
of observation could be carried out. The functional bruits could be ruled out 
by their inconstant nature; the bruits due to pressure gradually decreased in 
intensity as the external signs of infiltration diminished and the patient im- 
proved. 

Although the false aneurysms and arteriovenous aneurysms of the sub- 
clavian artery were most hazardous surgical problems, the same general prin- 
ciples of approach applied as described under the procedure for axillary arterial 
injuries. It was essential first to make a low cervical incision above the medial 
end of the clavicle (Fig. 3). The lateral clavicular insertions of the sterno- 
mastoid muscle were cut, the carotid sheath and its contents retracted medially, 
the sealenus anticus muscle was exposed, and the phrenic nerve freed and re- 
tracted medially. The scalenus muscle was then cut, the subclavian artery ex- 
posed, and a catheter passed around it for tourniquet action. Connecting this 
incision, a diagonal incision was then made across the pectoral region similar to 
that for an axillary exposure except that the pectoral muscles were split for 
exposure of the axillary vessels immediately below the clavicle and catheters 
passed around them for control. The clavicle was then cut across and the ends 
retracted, giving a wide exposure of the injured area. Dissection of the sub- 
clavian vessels was then carefully carried out in both directions until the neck 
of the sac of the false aneurysm was isolated and entered, here again accepting 
considerable bleeding in the final identification of the actual opening in the 
artery. The artery and vein were then ligated proximal and distal to this 
laceration and the injured area excised. 

The brachial cords were, of course, closely associated with the aneurysmal 
sac and the missile had often done direct damage to these nerves and further 
damage could be demonstrated from direct pressure and the infiltration of these 
trunks.’ It was necessary to isolate them carefully and produce no operative 
trauma to these cords, but no attempt was made to suture any of the cords that 
were found injured. The clavicle was then wired together and the wound closed, 
draining the wound with a simple Penrose drain. 

The Innominate Artery—The diagnosis was made primarily on the basis 
of a bruit and roentgenologic findings of infiltration of the superior medias- 
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tinum, as well as induration extending up into the suprasternal notch and the 
base of the neck. Submanubrial and cervical pain were the outstanding symp- 
toms. Again, because of the very grave nature of the operation, it is absolutely 
necessary to be certain that this bruit is not due to some external infiltration and 
pressure on the artery. As long as the patient was kept in bed under close ob- 
servation and there were no signs of cardiac hypertrophy or change, the surgical 
procedure could be delayed to establish beyond question of doubt the presence of 


Fig. 3.—Exposure of subclavian aneurysm, and approach and control of the subclavian vessels ; 
insert shows line of incision. 


a false aneurysm. Several cases were observed in which the roentgenologic signs 
of mediastinal infiltration and the bruit disappeared after weeks of observation. 
Continued pain, however, especially with exacerbations of pain, and increasing 
or undiminished bruit or any signs of cardiac effects demand surgery. 

The same general approach was essential in this type of operation. Because 
of the extremely close relationship of the vessels in the superior mediastinum 
and the base of the neck, it became much more difficult to avoid entering the 
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false aneurysmal sac before adequate exposure and complete control of the 
injured vessel, both proximally and distally, was obtained. A transverse inci- 
sioh was made across the mid-neck above the clavicles and the suprasternal notch, 
which was connected with a vertical incision over the mid-manubrium (Fig. 4). 
The suprasternal notch was exposed and the soft tissues were retracted to ex- 
pose the entire manubrium and the peristernal second and third interspaces. The 
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Fig. 4.—Exposure of innominate aneurysm. a, Line of skin incision; b, line of section of 
the manubrium and upper sternum; c, approach and control of the innominate vesseis and 
their major branches distal to the aneurysm. 


mediastinal tissues were then very carefully freed from the undersurface of the 
manubrium and a short section of the sternum down to the third interspace. The 
mediastinal structures were protected with a thin spatula, and the manubrium 
was then split in the midline with an electric saw, carrying the division down- 
ward into the sternum to the level of the third interspace and, laterally, con- 
necting the interspaces on either side. The manubrium and sternum were then 
retracted widely with a rib-spreading retractor. This gave a good exposure of 
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the entire superior mediastinum and the arch of the aorta. The innominate 
artery was isolated at its origin from the arch of the aorta and a catheter passed 
around it for tourniquet action. The innominate vein also was isolated and con- 
trolled in a similar way. Just beyond the bifurcation of the innominate vessels, 
the subelavian and the common carotid arteries and their associated veins were 
isolated and likewise controlled with catheters. Finally, with full control both 
proximally and distally by means of traction on the catheters, the aneurysmal 
sac was isolated and the injured section of the artery excised after careful liga- 
tion both proximal and distal to the laceration. The manubrium was then wired 
together and the superior mediastinum drained with a simple Penrose drain. 


SUMMARY AND RESULTS 


There were fourteen cases of false aneurysm, many in combination with 
arteriovenous communications as. well—six axillary, six subclavian, and two 
innominate. There were no deaths or complications aside from occasional swell- 
ing and weakness of the upper extremity. No amputations were necessary and 
no treatment was required for any unusual circulatory disturbance in this re- 
spect. The patients recovered rapidly. Return of function of the upper extrem- 
ity was variable, depending on the degree of the original associated nerve and 
muscle damage. The lack of circulatory complications was undoubtedly the re- 
sult of the age of these patients and most probably this procedure could not 
be done in an older group of patients without more serious circulatory complica- 


tions. 


Erratum 


On page 290 of the August, 1946, issue, the article ‘‘Esophagotracheal Fistula Due to 
Nonpenetrating Crushing Injury’’ by Commander Herbert D. Adams and Commander Roy 
E. Mabley, Medical Corps, U.S.N.R., the name of the second author should be spelled 


Mabrey. 
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